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A3 D i s t r i b u t i o n Li s t
T h i s Vasquez Boulevard and 1-70 B i o a v a i l a b i l i t y o f A r s e n i c in J u v e n i l e S w i n e Proj e c t P l a n and
any revisions w i l l be d i s t r i b u t e d as f o l l o w s :
Bonita L a v e l l eRemedia l Proj e c t M a n a g e r
U S E P A , Region 8
999 18 t h Str e e t , S u i t e 500
Denver, CO 80202-2466Phone: (303)312-6579
C h r i s t o p h e r W e i s , Ph.D.
R e g i o n a l T o x i c o l o g i s tU S E P A , Region 8
O f f i c e o f Ecosystems P r o t e c t i o n and R e m e d i a t i o n
999 18 t h Stre e t , S u i t e 500
Denver, CO 80202-2466
Phone: ( 3 0 3 ) 3 1 2 - 6 6 7 1
W i l l i a m B r a t t i n , Ph.D.
Risk A s s e s s o r / T o x i c o l o g i s tI S S I C o n s u l t i n g G r o u p , I n c .
999 18 t h S t r e e t , S u i t e 1450
Denver, CO 80202
Phone: (303)292-4142
S t a n C a s t e e l , D V M , P h DP r i n c i p a l I n v e s t i g a t o rVeter inary Medi ca l Diagno s t i c LaboratoryC o l l e g e o f Vet er inary M e d i c i n eU n i v e r s i t y o f M i s s o u r i - C o l u m b i a
P h o n e : ( 5 7 3 ) 8 8 2 - 6 8 1 1
Vasquez Boulevard/lnter s ta te-70 S i t e W o r k i n g G r o u p Members
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A 4 . P R O J E C T T A S K O R G A N I Z A T I O N

A4=1 P r o j e c t T a s k
EPA Region 8 is seeking to characterize the b i o a v a i l a b i l i t y of arsenic in f i n e p a r t i c u l a t e sur faces o i l s at the Vasquez Boulevard and I-70 (VB-I70) S t u d y Area u s ing j u v e n i l e swine as an a n i m a lm o d e l . T h i s document serves a s t h e B i o l o g i c a l M e d i a S a m p l i n g and A n a l y s i s P l a n and Q u a l i t yAssurance Pro j e c t P l a n ( Q A P P ) f o r t h e p r o j e c t a n d pre s en t s t h e o r g a n i z a t i o n , o b j e c t i v e s ,f u n c t i o n a l a c t iv i t i e s and s p e c i f i c q u a l i t y assurance and q u a l i t y control ac t iv i t i e s associated witht h e b i o a v a i l a b i l i t y i n v e s t i g a t i o n . T h i s Q A P P i n c l u d e s s t u d y background i n f o r m a t i o n , p r o j e c to b j e c t i v e s and s cope , a n a l y t i c a l d e s i g n and r a t i o n a l e , and data q u a l i t y o b j e c t i v e s (DQOs). Itdescribes t h e s p e c i f i c p r o t o c o l s that w i l l b e f o l l o w e d f o r o b t a i n i n g s t u d y m a t e r i a l s , i m p l e m e n t i n gthe s t u d y , proc e s s ing and s t o r i n g of b i o l o g i c a l s a m p l e s , p r e p a r i n g chain of c u s t ody f o r m s , andc o n d u c t i n g labora tory analyses . S u r f a c e soil (test s u b s t anc e) s a m p l i n g , h a n d l i n g a n d p a r t i a la n a l y s i s can be f o u n d in the Pilot Soil Characterization Study (EPA, 1999).

A4.2 P r o j e c t Organiza t ion
The f o l l o w i n g l i s t s key per s onne l who w i l l serve as contac t sand p r o v i d e t e chn i ca l e x p e r t i s ed u r i n g i m p l e m e n t a t i o n o f t h i s Proj e c t P l a n a l o n g with t h e i r d e s i g n a t e d roles and r e s p o n s i b i l i t i e s .

Bonita L a v e l l e . EPA Remedial Pro j e c t M a n a g e r , w i l l b e r e s p o n s i b l e f or overall p r o j e c tmanagement and c o o r d i n a t i o n ^mong EPA and its contractors and other interes ted parties^
C h r i s t o p h e r P. Weis . P h . D . , DABT. EPA Regional T o x i c o l o g i s t , wil l serve as the s t udyd e s i g n adv i s or and science manager for t h i s p r o j e c t .
Stan Castee l . DVM, PhD, P r i n c i p a l inves t igator, w i l l be r e spons ib l e for i m p l e m e n t i n g andd o c u m e n t i n g a l l a c t iv i t i e s associated with d o s i n g a n i m a l s a n d c o l l e c t i n g s ampl e s .
W i l l i a m Bratt in. P h . D . , I S S I , I n c . , w i l l b e r e s p o n s i b l e f o r t e chnical management o f I S S i ' sac t iv i t i e s which i n c l u d e : p r e p a r i n g p l a n n i n g do cumen t s , p r o v i d i n g t e chni ca l o v e r s i g h t , a n dc o m p i l i n g and summariz ing d a t a generated d u r i n g th e i n v e s t i g a t i o n .
Tracv H a m m o n . M . S . , I S S I , I n c . , w i l l b e r e s p o n s i b l e f o r p r e p a r a t i o n o f s t u d y i n v e s t i g a t i o nm a t e r i a l s i n c l u d i n g ; chain o f c u s t o d y f o r m s , t ime d e t a i l s a n d d o s i n g spr ead she e t s . I na d d i t i o n , M s . H a m m o n w i l l p e r f o r m t h e data r educ t i on f o r r e su l t s f r o m t h i s s t u d y a n dc a l c u l a t e a b i o a v a i l a b i l i t y va lu e for arsenic in j u v e n i l e swine.
Mary G o l d a d e . M . S . , I S S I , I n c . , w i l l serve a s t h e Q A o f f i c e r f o r I S S P s role i n t h i s p r o j e c t
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J o h n Drexler. P h . D . , U n i v e r s i t y o f C o l o r a d o , w i l l b e r e s p o n s i b l e f o r p r e p a r i n g s a m p l e s f o ranalys i s and for p e r f o r m i n g ana ly t i ca l measurements of s ur fa c e soil s a m p l e s for metal s ,
pha s e s p e c i a t i o n and in vitro b i o a c c e s s i b i l i t y .

A 5 PROBLEM D E F I N I T I O N a n d B A C K G R O U N D
A5.1 Background
The V B - I 7 0 s tudy area is located north of downtown Denver in the state of C o l o r a d o . Due tothe di scovery of s p o r a d i c e l eva t i on s in s u r f i c i a l arsenic l e v e l s , recent i n v e s t i g a t i o n s have beeni n i t i a t e d to d e t e r m i n e the nature, ex tent , and p u b l i c h e a l t h i m p l i c a t i o n s o f these f i n d i n g s in ther e s i d e n t i a l areas of the site.
T h e C o l o r a d o Department o f P u b l i c H e a l t h a n d Environment ( C D P H E ) co l l e c t ed a p p r o x i m a t e l ytwen ty- f iv e soil s a m p l e s f r o m r e s i d e n t i a l yards in the Vasquez B l v d - I 7 0 s t u d y area d u r i n g thesummer of 1997. S a m p l e s were col lec ted f rom yards north of I n t e r s t a t e 70 in the Swansea andE l y r i a n e i g h b o r h o o d s . The s a m p l e s i n d i c a t e d l e v e l s of arsenic f r o m 12 to 1,300 m g / k g , andlead f r o m 61 to 660 m g / k g . T h i s di scovery p r o m p t e d f u r t h e r i n v e s t i g a t i o n to d e t e r m i n e theextent of arsenic and lead present in th i s area.
During the s p r i n g of 1998, the USEPA S u p e r f u n d T e c h n i c a l Assessment and Response T e a m(START) under contract 68-W5-0031 conducted f u r t h e r s a m p l i n g and a n a l y s i s in the area.S a m p l e s were again c o l l e c t e d f r om residences in the E l y r i a and Swansea n e i g h b o r h o o d sbounded by C o l o r a d o Boulevard on the east, the S o u t h P l a t t e River on the west, 38 th Avenueon the s ou th , and 56 t h Avenue on the north. An a d d i t i o n a l 1200 res idences were s a m p l e d ,i d e n t i f y i n g 207 p r o p e r t i e s with arsenic greater than 70 m g / k g and 77 p r o p e r t i e s with leadgreater than 500 m g / k g (UOS, 1998). S a m p l i n g e f f o r t s t o date ar e c o n t i n u i n g southward u n t i l
the areal extent of the contaminat ion is c l ear ly d e f i n e d . Res iden t ia l arsenic concentrations inthese f o l l o w - u p i n v e s t i g a t i o n s ranged h i g h e r than 10,000 m g / k g in se lec ted yards.
A number of s o i l s f r o m t h i s s t u d y area have u n d e r g o n e f u r t h e r charac t er iza t i on for metal
s p e c i a t i o n u s ing e lec tron microprobe a n a l y s i s and in vitro b i o a c c e s s a b i l i t y ( s o l u b i l i t y t e s t i n g ) .Arsenic f o u n d in soi l s at the VB/l-70 site was determined to be p r i m a r i l y in the f o rm of arsenict r i o x i d e (>95%). W h i l e in vitro s o l u b i l i t y tests are p r e s e n t l y e x p e r i m e n t a l and th er e f or eu n s u i t a b l e f or site s p e c i f i c a d j u s t m e n t s in b i o a v a i l a b i l i t y , the tests ind i ca t ed that s o l u b i l i t y o f thearsenic f o r m s f o u n d in the V B / l - 7 0 s o i l s m i g h t be lower than expe c t ed . Based on the r e su l t s oft h i s f u r t h e r charac t er i za t i on , EPA w i l l evaluate the in vivo b i o a v a i l a b i l i t y of arsenic in s t u d y area
s o i l s u s ing j u v e n i l e swine as an animal model . T h i s i n f o r m a t i o n w i l l be used to h e l p evaluatethe p o t e n t i a l risk to r e s id en t s f r om exposure to arsenic in site s o i l s .
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A5.2 Prob l em D e f i n i t i o n - C o n c e p t u a l M o d e l
An as yet u n i d e n t i f i e d source(s) has led to e l evated r e s i d e n t i a l soil concentrat ions of l ead andarsenic, r e s u l t i n g in C o m p r e h e n s i v e Environmenta l Response , C o m p e n s a t i o n , and Liabi l i ty Act
( C E R C L A or S u p e r f u n d ) actions by the Environmental Protection Agency (EPA) to assess andabate these hazards to human h e a l t h and the environment. Accurate assessment of the humanh e a l t h risks r e s u l t i n g f r o m oral exposure to me ta l s requires k n o w l e d g e of the amount of metal
absorbed f r o m the g a s t r o i n t e s t i n a l tract into the body. T h i s i n f o r m a t i o n i s e s p e c i a l l y i m p o r t a n tfor environmental media such as soil or metal extract ion i n d u s t r y wastes, because me ta l s inthese media may exist, at least in par t , in a variety of p o o r l y water s o l u b l e minerals , and may
also exist in s i d e p a r t i c l e s of inert matrix such as rock or s l a g . T h e s e chemical and p h y s i c a lp r o p e r t i e s may tend to i n f l u e n c e ( u s u a l l y decrease) the ab s orp t i on ( b i o a v a i l a b i l i t y ) of the metal swhen inge s t ed . T h e r e f o r e , r e l i a b l e s i t e - s p e c i f i c da ta on metal b i o a v a i l a b i l i t y in env ironmenta lmedia of concern may be expec t ed to increase the accuracy and decrease the unc er ta in ty inhuman heal th risk estimates. P r e l i m i n a r y in vitro bioacces sabil i ty t e s t ing on arsenic in site s o i l sshow low b i o a c c e s s a b i l i t y ( s o l u b i l i t y ) values r a n g i n g f r o m 3 - 26% as compared to EPA Region8' s d e f a u l t value o f 80% for inorgani c arsenic contaminat ion in soi l s . In order to obtain morer e l i a b l e i n f o r m a t i o n on the actual in vivo a b s o r p t i o n of arsenic in these s o i l s , EPA w i l l run an invivo s t u d y for arsenic b i o a v a i l a b i l i t y in j u v e n i l e swine as a p l a u s i b l e surrogate for arsenicabsorpt ion by humans.
T h i s p r o j e c t p l a n w i l l describe the e f f o r t s p l a n n e d by EPA to evaluate the b i o a v a i l a b i l i t y o farsenic in s o i l s f r o m the s tudy area us ing j u v e n i l e swine as an animal m o d e l . The overalla p p r o a c h w i l l f o l l o w t h e me thod s d e v e l o p e d b y t h e E P A Region 8 a n d e m p l o y e d i n t h e Phase I IB i o a v a i l a b i l i t y S t u d i e s ( E P A , 1995).

A 6 P R O J E C T T A S K D E S C R I P T I O N

A6.1 S t u d y G o a l s
The s t udy goal is to c o l l e c t data that will a l l o w a p l a u s i b l e e s t imate of in vivo re la t ive arsenica b s o r p t i o n f r o m s i t e - s p e c i f i c s o i l s when compared by s t a t i s t i c a l and b i o l o g i c a l means to arsenicabsorption from a f r e e l y s o l u b l e arsenic f orm (sod ium arsenate). T h i s estimate wi l l be used forrisk assessment and p o s s i b l y risk-based d e c i s i o n - m a k i n g for the human h e a l t h risk assessment
at the V B / l - 7 0 site.
In order to a c c o m p l i s h t h i s goal the f o l l o w i n g general and s p e c i f i c q u a l i t y o b j e c t iv e s have been
d e f i n e d .
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A6.2 S t u d y Objec t ive s
General O b j e c t i v e #1:
to d e t e r m i n e q u a n t i t a t i v e l y whether V B / l - 7 0 soil arsenic is absorbed to a les ser or greaterextent than f r e e l y s o l u b l e arsenic in water; and
Genera l O b j e c t i v e #2:
to e s t imate a site s p e c i f i c a b s o r p t i o n f r a c t i o n for soil arsenic which i s pro t e c t iv e and p l a u s i b l ya p p l i c a b l e for human h e a l t h risk assessment at the V B / l - 7 0 site.
A 7 Q U A L I T Y O B J E C T I V E S a n d C R I T E R I A f o r M E A S U R E M E N T D A T A
The Data Q u a l i t y Obj e c t iv e s ( D Q O ) process is an i terat ive process which is d e s i g n e d to f o c u s
on the d e c i s i on s that must be made and to h e l p ensure that the site a c t iv i t i e s acquire data thatare l o g i c a l , s c i e n t i f i c a l l y d e f e n s i b l e , and cost e f f e c t i v e . The DQO process is in t ended to:

Ensure that task ob j e c t iv e s are c l e a r l y d e f i n e d ;Determine a n t i c i p a t e d uses of the d a t a ;Determine what environmental d a t a are necessary to meet theseobjec t ive s; andEnsure that the da ta c o l l e c t e d are of adequa t e q u a n t i t y and q u a l i t y for thei n t e n d e d use.
A7.1 S t u d y Obj e c t i v e DQOs
Two t y p e s o f o b j e c t i v e s are i d e n t i f i e d in th i s Q A P P : general o b j e c t i v e s and data q u a l i t y
objec t ive s (DQOs). General objec t ives are statements of prac t i cal g o a l s that , if r ea l i z ed , w i l l
s u b s t a n t i a l l y contr ibu t e to a ch i ev ing the p u r p o s e of the s tudy. D e v e l o p m e n t of DQOs is a
process that is intended to ensure that task objec t ive s are c l ear ly d e f i n e d and that data
c o l l e c t e d are a p p r o p r i a t e and of s u f f i c i e n t q u a l i t y to s a t i s f y the ob j e c t ive s . DQOs for each of
the s t u d y o b j e c t i v e s are p r o v i d e d below.
General Obj e c t iv e #1:

to determine quantitatively whether VB/l-70 soil arsenic is absorbed to a lesser or greater
extent than freely soluble arsenic in water:
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General Objec t ive #2:
fo estimate a site specific absorption fraction for soil arsenic which is protective and plausibly
applicable for human health risk assessment at the VB/l-70 site.
S p e c i f i c Data Q u a l i t y Obj e c t iv e Process

The three s tages of the DQO process are i d e n t i f i e d below and a d i s c u s s i o n of how they have
been a p p l i e d in the s t u d y described herein. The three s tages are under taken in an interact ive
and i terative manner, whereby all the DQO e l ement s are c o n t i n u a l l y reviewed and re-evaluated
u n t i l there i s reasonable assurance that s u i t a b l e da ta for dec i s ion m a k i n g w i l l be a t t a i n e d .

• S t a g e I - Identify Decision T y p e s : S t a g e I d e f i n e s the type s of d e c i s i ons that w i l l be
made by i d e n t i f y i n g data uses, e v a l u a t i n g a v a i l a b l e da ta , d e v e l o p i n g a c onc ep tua l
m o d e l , a n d s p e c i f y i n g o b j e c t i v e s f o r t h e p r o j e c t . T h e c onc ep tua l model f a c i l i t a t e s
i d e n t i f i c a t i o n of de c i s i ons that may be made, the end use of the data c o l l e c t e d , and the
p o t e n t i a l d e f i c i e n c i e s in t h e e x i s t i n g i n f o r m a t i o n .
S t a g e I I - I d e n t i f y Data U s e s / N e e d s : S t a g e I I s t i p u l a t e s criteria f o r d e t e r m i n i n g da ta
adequacy. T h i s s tage involve s s p e c i f y i n g the q u a n t i t y and q u a l i t y o f data necessary to
meet t h e S t a g e I ob j e c t ive s . E P A ' s Data U s e a b i l i t y f o r Risk Asses sment G u i d a n c e
( D U R A ) o u t l i n e s general a n d s p e c i f i c r ecommendat ions f o r d a t a adequacy. T h i s
i n c l u d e s i d e n t i f i c a t i o n of da ta uses and da ta t y p e s , and i d e n t i f i c a t i o n of data q u a l i t y and
q u a n t i t y needs.

• S t a g e I I I - Des ign Data C o l l e c t i o n Program: S t a g e 1 1 1 s p e c i f i e s t h e m e t h o d s b y which
da ta of a c c e p t a b l e q u a l i t y and q u a n t i t y will be ob ta ined for use in dec i s ion making.
T h e s e me thod s are p r o v i d e d in the attached S O P s .

T h r o u g h u t i l i z a t i o n of the DQO process, as d e f i n e d in EPA g u i d a n c e (EPA540-R-93-071 and -
078, Sep 1993), t h i s Q A P P w i l l use several terms that are s p e c i f i c a l l y d e f i n e d to avoid
c o n f u s i o n that m i g h t result f r o m any m i s u n d e r s t a n d i n g of t h e i r use. For each of the tasks
i d e n t i f i e d w i t h i n th i s QAPP, a "Task Object ive" i s s p e c i f i c a l l y d e f i n e d . The T a s k Obj e c t iv e i s a
concise s tatement of the p r o b l e m to be addre s s ed by ac t iv i t i e s under t h i s task. For each T a s k
Obje c t iv e , a de c i s i on (or series of d e c i s i o n s ) is i d e n t i f i e d which addres s e s the p r o b l e m
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contained in the T a s k Objective.
For each dec i s ion, the da ta necessary to make the deci s ion are i d e n t i f i e d and described. For all
analytical data, q u a l i t y assurance objectives are s p e c i f i e d that describe the minimum q u a l i t y of
data necessary to s u p p o r t the s p e c i f i e d decision or test the hypothese s . These q u a l i t y
assurance objectives are s p e c i f i e d as objectives for precis ion, accuracy, representativeness,
c o m p a r a b i l i t y , and comple tenes s . In a d d i t i o n , data review and v a l i d a t i o n procedures are
s p e c i f i e d in the QAPP that evaluate how well the analyt ical data meet these qua l i ty assurance
objectives and whether or not the data are of s u f f i c i e n t q u a l i t y for the intended usage.
The f o l l o w i n g sections a p p l y the DQO process to the N o r t h Denver, C o l o r a d o Response, S t a g e
I a n d S t a g e I I , where S t a g e I a n d S t a g e I I i d e n t i f y deci s ion type s a n d d a t a u s e s /ne ed s f o r t h e
S A P . S t a g e I I I i s discussed later a n d provides t h e s p e c i f i c task objec t ive s , decisions, a n d
ra t i ona l e for re solving the deci s ions necessary to c o m p l e t e th i s S t u d y .
DQO S t a g e I - I d e n t i f y i n g Decision T y p e s
S t a g e I of the DQO process i d e n t i f i e s a primary question and secondary questions that need to
be resolved at the c ompl e t i on of the s a m p l i n g and analyses program.

PRIMARY QUESTION 1: is VB/l-70 soil arsenic absorbed to a lesser or greater extent
than f r e e l y s o lub l e arsenic (sodium arsenate, N a A s ) ?
PRIMARY QUESTION 2: is the data of s u f f i c i e n t quant i ty and qua l i ty to estimate a
p l a u s i b l e value f or relative arsenic b i o a v a i l a b i l i t y ?

DQO S t a g e II - I d e n t i f y i n g Data U s e s / N e e d s
S t a g e II of the DQO process i d e n t i f i e s data uses and needs. The primary uses of data are:
• Compare data from site test materials to data f rom a control material to d ev e l op a

quant i ta t ive relative estimate of the b i o a v a i l a b i l i t y of soil arsenic when compared (using
standard s ta t i s t i ca l analyses) to f r e e l y s o l u b l e arsenic.

• U s i n g relative absorpt ion data derived from the in vivo s tudy, estimate a site s p e c i f i c
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relative b i o a v a i l a b i l i t y (RBA) for soil arsenic which is protective of human hea l th and
p l a u s i b l y a p p l i c a b l e for human health risk assessment at the VB/l-70 site.

In order to ac compl i sh these uses, sampl e co l l e c t ion w i l l be des igned to ensure: 1) s u f f i c i e n t
soil sample s are tested d u r i n g the course of the inve s t igat ion; 2) that these soil sample s are
fully characterized to estimate their representativeness of arsenic at the site; 3) that s u f f i c i e n t
b i o l og i ca l sample s are col lec ted to s u p p o r t standard stati s t ical comparison between dose
groups and test substances; 4) that co l l ec t ion of b i o l og i ca l s ampl e s is random within the s tudy
de s ign; and 5) that s ampl e h a n d l i n g and l a b e l i n g ensures that analysis will be b l ind and
otherwise according to Good Laboratory Practices of EPA..

S t a g e II of the DQO process also determines what type and qual i ty of data are needed to
answer the questions deve loped in S t a g e I. W i t h i n this QAPP, quanti tat ive and qual i ta t iv e
l i m i t s are d e f i n e d for preci s ion, accuracy, representativeness, c o m p a r a b i l i t y and analyt ical
completeness. Report ing l imit s for chemical analytes are set by the analytical laboratory based
on matrix, historical data, and comparison to EPA l i m i t s for CLP and other methods.
Quantitative l imi t s are also d e f i n e d for instrument and method detec t ion l i m i t s , and for method
repor t ing l imit s or method quanti tat ion limits. The QA procedures outl ined in this section are
intended to ensure data qua l i ty and to administer corrective actions with the goal of produc ing
data that s a t i s f y the f o l l o w i n g requirements. General g u i d e l i n e s , p o l i c i e s , and procedures to
achieve these object ives are presented below. Where a d d i t i o n a l , d e t a i l e d , procedures are
required to attain QA object ives and to describe s p e c i f i c methods , these are provided in the
attached S O P s . The f o l l o w i n g PARCC requirements a p p l y to more standard chemical
analytical analyses:
Precision: Precision is d e f i n e d as the agreement between a set of repl icate measurements

without as sumption or knowledge of the true value. It is a measure of agreement among
ind iv idual measurements of the same proper ty under prescribed s imilar conditions.
Agreement is expressed as either the relative percent d i f f e r e n c e (RPD) for d u p l i c a t e
measurements or the range and standard deviation for larger numbers of repl i cate s .
The RPD will be reported on required 5% laboratory d u p l i c a t e s , and a d e f i n e d MDL will
be reported as per EPA guidance in CFR, part 136, a p p . B (7 method-repl icate s on 3
non-consecutive days of a low-level [near MQL] s tandard , with MDL = 3 x SD).
S t u d y personnel will prepare bl ind d u p l i c a t e samples . A minimum of one blind d u p l i c a t e
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w i l l b e p r e p a r e d f o r 5-10% o f t h e s a m p l e s c o l l e c t e d . T h e s e b l i n d d u p l i c a t e s a m p l e s w i l l
be s p e c i f i e d in the s tudy de s ign .

Accuracy: Accuracy is a measure of the c loseness of i n d i v i d u a l measurements to the "true"
value. Accuracy u s u a l l y is expressed as a p e r c e n t a g e of that value. For a variety of
a n a l y t i c a l pro c edure s , s t andard re f erence m a t e r i a l s t rac eab l e to or a v a i l a b l e f r o m
N a t i o n a l I n s t i t u t e o f S t a n d a r d s a n d T e c h n o l o g y ( N I S T , f o r m e r l y N a t i o n a l Bureau o f
S t a n d a r d s ) or other sources can be used to d e t e r m i n e accuracy of measurements.
Accuracy wi l l be measured as the percent recovery (%R) of an analyte in a reference
s t a n d a r d or s p ik ed s a m p l e s (>3) that span the l i m i t o f l i n e a r i t y for the me thod .
Ideal ly, pre c i s i on and accuracy es t imates s h o u l d represent the entire measurement
proces s , i n c l u d i n g s a m p l i n g , a n a l y s i s , c a l i b r a t i o n , and other component s . F r o m a
prac t i ca l p e r s p e c t i v e , these e s t imates u s u a l l y represent o n l y a p o r t i o n of the
measurement process that occurs in the a n a l y t i c a l lab.

Repre s en ta t iv ene s s : Repre s en ta t iv ene s s is the degree to which data accurate ly and p r e c i s e l y
represent characteristics of a p o p u l a t i o n , parameter variations at a s a m p l i n g p o i n t , or an
environmental c o n d i t i o n . For t h i s Q A P P , s a m p l e s r epre s enta t ive o f s o i l s in th e s t u d y
area are to be s e lec ted f r o m those p r e v i o u s l y tested for s p e c i a t i o n and b i o a c c e s s i b i l i t y .

C o m p a r a b i l i t y : Data are c o m p a r a b l e i f s t u d y c o n s i d e r a t i o n s , c o l l e c t i o n t e chn ique s , and
measurement procedure s , me thod s , and r e p o r t i n g are equivalent for the s a m p l e s w i t h i n
a s a m p l e set. A q u a l i t a t i v e assessment of d a t a c o m p a r a b i l i t y w i l l be made of a p p l i c a b l e
data sets. T h e s e criteria a l l o w comparison of data f rom d i f f e r e n t sources. C o m p a r a b l e
data wil l be ob tained by s p e c i f y i n g s tandard uni t s for p h y s i c a l measurements and
s t andard procedure s f or s a m p l e c o l l e c t i o n , p r o c e s s i n g , and analys i s .

C o m p l e t e n e s s : Data are considered c o m p l e t e when a prescribed percentage of the to ta l
i n t e n d e d measurements and s a m p l e s are o b ta ined . A n a l y t i c a l c o m p l e t e n e s s i s d e f i n e d
as the perc entage of va l id a n a l y t i c a l re sul t s r eque s t ed , and >90% of analyzed s a m p l e s
shou ld have results reported. For this s a m p l i n g program, a minimum of 80 percent of
the p l a n n e d c o l l e c t i o n of i n d i v i d u a l s a m p l e s must be obtained to achieve a s a t i s f a c t o r y
level of data completeness .
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M e t h o d Detect ion L i m i t s ( a p p l i c a b l e t o chemical a n a l y s e s o n l y ) : M e t h o d d e t e c t i on l i m i t s ( M D L s )
are minimum values that can be r e l i a b l y measured to i d e n t i f y the ana ly t e as b e ing
present in the matrix , vs method q u a n t i t a t i o n l i m i t s are the min imum values that can be
q u a n t i t a t e d with reasonable s c i e n t i f i c c o n f i d e n c e . The method wi l l al so have a
maximum l i n e a r va lue in most s i t u a t i o n s , and ana ly s e s s h o u l d occur w i t h i n t h i s l i m i t o f
l i n e a r i t y range.

B . M E A S U R E M E N T A N D D A T A A C Q U I S I T I O N

B 1 S A M P L I N G P R O C E S S D E S I G N

T h i s section p r o v i d e s an overview of the me thod s to be used in d e t e r m i n i n g b i o a v a i l a b i l i t y of
arsenic in site so i l s . D e t a i l e d p r o t o c o l s are p r o v i d e d in the at tached S O P s .
The USEPA has been engaged in a mu l t i -year i n v e s t i g a t i o n of the b i o a v a i l a b i l i t y of metal s in
soil and mine waste. T h i s s t u d y has f o c u s e d m a i n l y on lead ( W e i s and L a V e l l e , 1 9 9 1 ; W e i s et
al, 1994;, Castee l et a l . , 1997) but a number of s t u d i e s were p e r f o r m e d to i n v e s t i g a t e the
relat ive b i o a v a i l a b i l i t y (RBA) of arsenic in a variety o f test mat er ia l s . T h i s s t u d y w i l l f o l l o w the
s a m p l i n g me thod s d e v e l o p e d by EPA in previous s t u d i e s .
T h r e e r e p r e s e n t a t i v e site soil s a m p l e s w i l l b e s e l ec ted for i n c l u s i o n in t h i s s t udy. T h e s e
s a m p l e s w i l l b e f u l l y characterized t o d e t e rmine t h e i r phys i c o- chemica l characteri s t i c s i n c l u d i n g
arsenic concentrations and to assess their representativeness for the site as a whole. The
s a m p l e s wi l l then b e a d m i n i s t e r e d t o j u v e n i l e swine u s i n g a d a i l y d o s i n g p r o t o c o l . U r i n e
s a m p l e s w i l l be c o l l e c t ed and analyzed for arsenic in order to de t ermine the r e la t iv e amount of
arsenic absorbed from the animal group s dosed with soil vs animal group s dosed with f r e e l y
s o l u b l e arsenic in the f o r m o f s o d i u m arsenate (NaAs).

T h i s s tudy wi l l be p er f ormed using young swine as the test species because the gas tro inte s t inal
system of swine is more near ly s i m i l a r to humans than most other animal m o d e l s . The a n i m a l s
w i l l be housed i n d i v i d u a l l y in m e t a b o l i c cages (cages d e s i g n e d to c o l l e c t and s eparat e urine
and f e c e s). G r o u p s of r a n d o m l y selected a n i m a l s (N= 4) w i l l be given oral doses of test
material or s od ium arsenate (NaAs) for a t o ta l of 12 days , with the dose for each day be ing
a d m i n i s t e r e d in two equal p o r t i o n s given at 9:00 AM ( a f t e r an overnight f a s t ) and 3:00 PM (two
hours b e fore f e e d i n g ) . Doses will be based on measured g r o u p mean body w e i g h t s , and will
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be a d j u s t e d every three days to account for an imal growth.
The test m a t e r i a l s have been i n t e n t i o n a l l y l e f t u n i d e n t i f i e d in t h i s p r o j e c t p l a n s o that th e p l a n
may be used for m u l t i p l e s t u d i e s of test m a t e r i a l s f r o m t h i s site. A memo d o c u m e n t i n g s p e c i f i c
test m a t e r i a l s w i l l be pr epared pr i or to the commencement of each s tudy. All test m a t e r i a l s
which are used in the swine b i o a v a i l a b i l i t y s t u d y w i l l undergo charac t er i za t i on and in vitro
s o l u b i l i t y t e s t ing. Characterizat ion w i l l i n c l u d e CLP metals analys i s according to EPA method
SW-846, evaluat ion of soil pH according to EPA method 9045C, measurement of to tal organic
carbon according to EPA method 9060 and metals spec ia t ion according to SOP ISSI VBI70-09
(note: p e r l i t e w i l l not be q u a n t i f i e d ) . In vitro t e s t ing wi l l be p e r f o rmed according to the SOP in
A p p e n d i x A.6 in the Pilot-Soil Characterizat ion P l a n for thi s site (attached as SOP #16) (EPA,
1999).
For a n i m a l s exposed by the oral route, dose material w i l l be p l a c e d in the center of a s m a l l
p o r t i o n (about 5 g r a m s ) of mois t ened f e e d (re f e r r ed to as a " d o u g h b a l l " ) , and a d m i n i s t e r e d to
the a n i m a l s by h a n d . All missed doses w i l l be recorded and the t ime-we igh t ed average dose
c a l c u l a t i o n for each animal w i l l b e a d j u s t e d downward a c c o r d i n g l y .
The f o l l o w i n g t ab l e shows the s tudy d e s i g n for e v a l u a t i n g the b i o a v a i l a b i l i t y o f arsenic in site
soils.

G r o u p

1
2
3
4
5
6
7
8
9

N u m b e r o f
A n i m a l s

3
4
4
4
4
4
4
4
4

M a t e r i a l
A d m i n i s t e r e d

C o n t r o l
N a A s
N a A s

Test M a t e r i a l #1
Tes t M a t e r i a l #1
Test Mater ia l #2
Test M a t e r i a l #2
T e s t Mater ia l #3
Test Mater ia l #3

Dose
Route

Oral
Oral
Oral
Oral
Oral
Oral
Oral
Oral
Oral

Dose
( u g A s / k g - d a y )

0
50
125
50

125
50
125
50
125
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S a m p l e s of urine and f ece s (48 hour compos i t e s) w i l l be co l l e c t ed f r om each animal on days 6-
7, 8-9, 10-11 d u r i n g the s tudy. Each c o l l e c t i o n of urine w i l l be conducted by p l a c i n g a s t a i n l e s s
steel pan beneath each cage, which drains into a p l a s t i c storage bo t t l e . Each c o l l e c t i on pan
w i l l be f i t t e d with a n y l o n screen to minimize c o n t a m i n a t i o n with f e c e s , s p i l l e d f o o d , or other
debris. Pla s t i c diverters w i l l be used to minimize urine d i l u t i o n with d r i n k i n g water s p i l l e d by the
a n i m a l s f r o m the watering nozzle into the c o l l e c t i o n pan.

A l i q u o t s of the urine and feces s a m p l e s w i l l be analyzed for total arsenic content.
Measurement of urinary arsenic concentrations provides a measure of the amount of arsenic
which was absorbed by the animal, whereas measurement of arsenic in f e ce s provide s a
measure of the amount of arsenic which was not absorbed by the animal.
The amount of arsenic absorbed wi l l be evaluated by measuring the amount of arsenic which
was excreted in urine. The amount excreted in the urine can be expressed as the URINARY
EXCRETION FRACTION (UEF). T h i s i s estimated by p l o t t i n g mass recovered in urine per 48
hours d iv id ed by the amount given per 48 hours. The ratio of the urinary excretion f r a c t i o n for
some test material (e.g., arsenic in site s o i l ) compared to the urinary excretion f r a c t i o n for some
r ead i ly absorbable f orm of arsenic (e.g., s od ium arsenate) is a measure of the RELATIVE
B I O A V A I L A B I L I T Y ( R B A ) :

RBA = UEF(tes t) / UEF(NaAs)
An RBA value of 1.0 means that arsenic in the test soil is j u s t as wel l absorbed as s od ium
arsenate. An RBA value of 0.5 means that arsenic in the test soil is absorbed 50% as well as
sodium arsenate.
The s i t e - sp e c i f i c RBA is used to a d j u s t the toxici ty fa c t or s for arsenic as f o l l o w s :

RfD ( a d j u s t e d ) = RfD (default) / RBA
Oral s l o p e f a c t o r ( a d j u s t e d ) = Oral s l o p e f a c t o r (default) * RBA
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B 2 S A M P L I N G M E T H O D S R E Q U I R E M E N T S

The p r o p o s e d s a m p l i n g consists o f the c o l l e c t i o n o f a p p r o x i m a t e l y 105 s a m p l e s o f urine f r o m
exposed or control a n i m a l s .

Q A / Q C s a m p l e s w i l l consist of b l i n d s p i k e s , media b l a n k s and d u p l i c a t e s a m p l e s at a 5-10%
rate, and measures of arsenic in other media to which the swine are expo s ed (e.g., water,
f e e d ) . Every reasonable e f f o r t w i l l be made to adhere s t r i c t l y to s p e c i f i e d T S O P s and Good
Laboratory Practices as ou t l in ed by EPA in 40 CFR 792. Where deviat ion from T S O P s a n d / o r
GLP g u i d e l i n e s i s u n a v o i d a b l e , d o c u m e n t a t i o n of the d e v i a t i o n and its p o t e n t i a l impac t on the
outcome of the da ta c o l l e c t i o n e f f o r t wi l l be do cument ed . D e t a i l e d l o g b o o k notes wi l l record
i n f o r m a t i o n p e r t i n e n t to each s a m p l e c o l l e c t i o n . T h e s e notes wil l be indexed and made
a v a i l a b l e f o r review f o l l o w i n g s a m p l e c o l l e c t i o n .
B3 S a m p l i n g , H a n d l i n g and C u s t o d y Requirement
Documenta t i on o f s a m p l e c o l l e c t i o n , h a n d l i n g , a n d s h i p m e n t w i l l i n c l u d e c o m p l e t i o n o f
chain-of-cus tody forms , use of time d e t a i l s and prepared f o r m s , and entry of data a n d / o r
observations into a l ogbook . A c h a i n - o f - c u s t o d y f o r m s h a l l accompany every s h i p m e n t of
s a m p l e s to the a n a l y t i c a l labora tory. The p u r p o s e o f the c h a i n - o f - c u s t o d y f o r m i s to e s t a b l i s h
the d o c u m e n t a t i o n necessary to trace po s s e s s i on f r o m the time of c o l l e c t i o n to f i n a l d i s p o s a l .
T h e c h a i n - o f - c u s t o d y f o r m w i l l have t h e f o l l o w i n g i n f o r m a t i o n :

• P r o j e c t number
• S a m p l e r ' s s i g n a t u r e
• Date of s a m p l e co l l e c t i on
• C o l l e c t i o n M e d i a (e.g., U r i n e )
• S a m p l e i d e n t i f i c a t i o n number
• A n a l y t i c a l parameters

The s h i p p i n g f o r m s o r t r a n s m i t t a l memo w i l l describe:

• N u m b e r of containers
• S a m p l e preservative ( d r y i c e f or t r a n s i t )
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• Date and t ime of s a m p l e s h i p m e n t s

T h e lab s w i l l enter t h e f o l l o w i n g i n f o r m a t i o n u p o n rece ip t:

• N a m e of person receiving the s a m p l e
• Date of s a m p l e rece ipt
• S a m p l e c o n d i t i o n

All corrections to the c h a i n - o f - c u s t o d y record w i l l be i n i t i a l e d and dated by the person
making the corrections. Each c h a i n - o f - c u s t o d y f o r m w i l l i n c l u d e s igna ture s o f the a p p r o p r i a t e
i n d i v i d u a l s i n d i c a t e d on the f o r m . The o r i g i n a l s w i l l ac company the s a m p l e s t o th e l abora t ory ,
and copies do cument ing each custody change wi l l be recorded and kept on f i l e .
C h a i n - o f - c u s t o d y w i l l be m a i n t a i n e d u n t i l f i n a l d i s p o s i t i o n o f the s a m p l e s by the l a b o r a t o r y and
acceptance of a n a l y t i c a l r e su l t s by EPA. One copy of the c h a i n - o f - c u s t o d y w i l l be kept by f i e l d
p e r s o n n e l .
A l l required p a p e r w o r k , i n c l u d i n g s a m p l e container l a b e l s , c h a i n - o f - c u s t o d y f o r m s , cu s tody
seals and s h i p p i n g f o r m s w i l l be ful ly comple t ed in ink prior to overnight s h i p p i n g of the s ampl e s
to the labora tory.
U p o n r e c e i p t , coolers c o n t a i n i n g the b i o l o g i c a l s a m p l e s wi l l be received by the l a b o r a t o r y
s a m p l e cu s t od ian. The coolers wi l l b e opened and the content s i n s p e c t e d . C h a i n - o f cu s tody
f o r m s w i l l be reviewed for c o m p l e t e n e s s , and s a m p l e s will be l o g g e d and a s s igned a unique
labora tory s a m p l e number. Any d i s c r e p a n c i e s or a b n o r m a l i t i e s in s a m p l e s w i l l be noted.

The EPA P r o j e c t M a n a g e r wi l l ma in ta in o r i g i n a l l og books and receive al l data pa ckage s and
reports .

B 4 A N A L Y T I C A L M E T H O D S R E Q U I R E M E N T S

See the at tached labora t ory SOP for a n a l y t i c a l me thod s and requirements.
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B5 Q u a l i t y Control Requirements
The p r o j e c t team organizat ion ensures attainment of QA objec t ive s by:
• A s s i g n i n g r e s p o n s i b i l i t y for p e r f o r m i n g work according to s p e c i f i c a t i o n s

• P r o v i d i n g oversight of qua l i ty-re la t ed activities for v e r i f i c a t i o n of conformance with
s p e c i f i c a t i o n s

• D e f i n i n g the r e l a t i o n s h i p s between management and per sonne l p e r f o r m i n g
q u a l i t y - r e l a t e d work Correct ive A c t i o n

The Proj e c t M a n a g e r and Regiona l T o x i c o l o g i s t w i l l p r e p a r e a summary o f q u a l i t y - r e l a t e d
ac t iv i t i e s and p r o b l e m s . T h i s summary w i l l b e f o r w a r d e d to EPA for i n c l u s i o n in the p r o j e c t f i l e .
If d e f i c i e n c i e s in t h e program are i d e n t i f i e d , t h e R e g i o n a l T o x i c o l o g i s t , in c o n s u l t a t i o n with t h e
Proj e c t M a n a g e r w i l l i d e n t i f y r e commendat ions f o r corrective act ion.
C o m m u n i c a t i o n s . Line s o f communicat ion between p r o j e c t p e r s onne l and p r o j e c t management
s t a f f w i l l be a p p r o p r i a t e to enable t i m e l y re sponse to events that have the p o t e n t i a l to a f f e c t
d a t a q u a l i t y . Pro j e c t p er sonne l w i l l be p r o v i d e d with a p r o j e c t contact l i s t that i n c l u d e s
t e l e p h o n e numbers f or both rout ine c ommuni ca t i on s and emergency n o t i f i c a t i o n s .
C o m m u n i c a t i o n s w i l l a l s o en ta i l en sur ing that i n f o r m a t i o n on s a m p l e c o l l e c t i o n , t r a n s p o r t a t i o n ,
a n a l y s i s , and s torage; data a c q u i s i t i o n , a n a l y s i s , and r e p o r t i n g ; per sonne l a s s ignment s and
ac t iv i t i e s ; and other i n f o r m a t i o n p e r t i n e n t to the p r o j e c t are d i s t r i b u t e d to p o t e n t i a l l y a f f e c t e d
per sonne l in a t i m e l y manner. C h a n g e s in procedure s , e q u i p m e n t , p e r s o n n e l , or other program
e l ement s as a result of an accident or emergency that have the p o t e n t i a l to a f f e c t da ta q u a l i t y
or achievement of overall program ob j e c t iv e s w i l l be communicated to the Projec t M a n a g e r in
w r i t i n g in a t i m e l y manner.

C o p i e s of al l written communicat ions and written summaries of all sub s tant ive t e l e p h o n e
conversations wi l l be p l a c e d in a permanent p r o j e c t file ma in ta ined by the EPA Proje c t
Manager .

Laboratory R e s p o n s i b i l i t i e s . The laboratory and i t s s t a f f w i l l have the r e s p o n s i b i l i t y for
page 15
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p r o c e s s i n g a l l s a m p l e s s u bmi t t ed a c c ord ing t o t h e s p e c i f i c p r o t o c o l s f o r s a m p l e cu s tody,
h o l d i n g times, analys i s , r e p o r t i n g , and associated laboratory Q A / Q C . Laboratory sp ik e s ,
d u p l i c a t e s , etc. w i l l be p e r f o r m e d .
B 7 I N S T R U M E N T C A L I B R A T I O N a n d F R E Q U E N C Y

S O P s w i l l i d e n t i f y requirements needed to be met by the f i e l d s t a f f and laboratories to meet
adequa t e ins trument ca l i b ra t i on f r e q u e n c y , and QA/QC for raw data and report s .
C . A S S E S S M E N T O V E R S I G H T

C 1 A S S E S S M E N T S a n d R E S P O N S E A C T I O N S

The P r i n c i p a l I n v e s t i g a t o r w i l l be on-site to oversee, i m p l e m e n t and in spec t s t u d y ac t iv i t i e s
associated with the in life stages of the p r o j e c t . Enough s a m p l e w i l l be taken and archived to
a l l o w for p r o b l e m s (such as loss or s p o i l a g e ) from t ranspor ta t i on or analyt i ca l labs.
D . D A T A V A L I D A T I O N a n d U S A B I L I T Y

D 1 D A T A R E V I E W , V A L I D A T I O N a n d V E R I F I C A T I O N R E Q U I R E M E N T S

Data v a l i d a t i o n wil l consist of a) e s t a b l i s h i n g an ab s o lu t e range, acceptance l i m i t s ( s c r e en ing
criteria), and a p p r o p r i a t e s tati s t ic s for each data parameter, b) de scr ib ing methods for
de t e rmining the d i s p o s i t i o n of suspect data, and c) d o c u m e n t i n g f i n a l d i s p o s i t i o n of inval id or
q u a l i f i e d da ta , i n c l u d i n g out l i er s .

Test Sta t i s t i c : Qual i ta t ive p r o f e s s i o n a l j u d g e m e n t w i l l be used to in t erpre t the r e su l t s of the
chemical and b i o l o g i c a l data co l l e c t ed which is intended to be screening-level p r e l i m i n a r y data.
Out-of-range chemical data w i l l be e x c l u d e d f r o m the v a l i d a t e d data se t unle s s the a p p r o p r i a t e
data value can be p o s i t i v e l y e s t a b l i s h e d and document ed . Other suspect da ta or s a m p l e s will
be examined in d e t a i l , i n c l u d i n g any i rr egu lar i t i e s in its c o l l e c t i on and h a n d l i n g . In the absence
of any clear ind i ca t i on that they are i n v a l i d (such as equ ipment f a i l u r e or operator error), data
o u t l i e r s will remain in the v a l i d a t e d data set but will be f l a g g e d as o u t l i e r s per s p e c i f i e d cri teria
(e.g., >3 x SD f r o m the mean). Data p o i n t s de t ermined to be i n v a l i d w i l l be p e r m a n e n t l y
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f l a g g e d in a c lear and consi s t ent manner in the o r i g i n a l raw da ta set and removed f r o m
subsequent da ta summaries and f i l e s .
QA for d a t a v a l i d a t i o n w i l l ensure that the screening cri teria are c ompreh en s iv e , u n a m b i g u o u s ,
reasonable, and i n t e r n a l l y consis tent; and that data v a l i d a t i o n ac t iv i t i e s are p r o p e r l y
documen t ed . Data d i s c r e p a n c y report s s h o u l d be p r e p a r e d d e s c r i b i n g any data p r o b l e m s
observed and any data correction activities undertaken.
All data records shou ld be cataloged and stored in the ir o r i g i n a l f o rm. C a l i b r a t i o n a d j u s t m e n t s
and a d j u s t m e n t s to reduce da ta to s tandard c o n d i t i o n s for c o m p a r a b i l i t y wil l be c l e a r l y
documented , and raw data c l e a r l y d i s t i n g u i s h e d f rom "corrected" data (i.e., data to which
c a l i b r a t i o n and s t a n d a r d i z a t i o n a d j u s t m e n t s have been a p p l i e d ) .
Raw data and a d j u s t m e n t s s h o u l d be entered into a c ompu t e r d a t a b a s e a n d / o r s p r e a d s h e e t for
correction, s tat i s t i cal ana ly s i s , m a n i p u l a t i o n , f o r m a t t i n g , and summariz ing to reduce the
p o t e n t i a l f or human error.
D 2 V A L I D A T I O N a n d V E R I F I C A T I O N M E T H O D S

Data r e p o r t i n g consists of c o m m u n i c a t i n g summarized da ta in a f inal f o r m . QA for r e p o r t i n g
consi s t s of measures i n t e n d e d to avoid or detect human error and to correct i d e n t i f i e d errors.
S u c h m e t h o d s i n c l u d e s p e c i f i c a t i o n of s tandard r e p o r t i n g f o r m a t s and content s o f measures to
reduce da ta t r a n s c r i p t i o n errors. S t u d y d e s i g n and r e s u l t i n g da ta w i l l u n d e r g o peer review by
q u a l i f i e d reviewers c a p a b l e o f e v a l u a t i n g reasonablenes s o f th e da ta f or th e s c i e n t i f i c d e s i g n .
Report s: A report of al l the summary s t u d y d e s i g n characteri s t i c s , s a m p l e c o l l e c t i o n s and
ana ly s e s , d a t a q u a l i t y and r e su l t s s h a l l b e pre s ented by the a n a l y t i c a l laborator i e s . S i m p l e
s t a t i s t i c a l tests of g r o u p treatment d i f f e r e n c e s s h o u l d be p e r f o r m e d and pre s ented as
discus sed above and will be conducted by EPA. All raw data and summary resul t s of both da ta
and summary s t a t i s t i c s (means, s tandard d ev ia t i on s , ranges, etc.) s h o u l d be t a b u l a t e d by the
laborator i e s . S t u d y report s s h o u l d be a v a i l a b l e w i t h i n 60 days of receipt of a c c e p t a b l e
l abora t ory r e su l t s and report s .
QA records and p r o j e c t f i l e s will be main ta ined in accordance with s t andard p r o j e c t procedures .
All QA records, l o g b o o k s , s a m p l e da ta f o r m s , raw data summaries, and the l i k e w i l l be
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m a i n t a i n e d u n t i l wri t t en d i r e c t i o n s f o r t h e i r d i s p o s a l a r e p r o v i d e d .
D3 RECONCILIATION with DQOs

The p r o j e c t team w i l l review any re su l t s which fa l l o u t s i d e the DQOs and d e c i d e (per DURA
1992 and RAGS 1992) the extent of u s a b i l i t y of r e su l t s for the p u r p o s e s of t h i s i n v e s t i g a t i o n .

R E F E R E N C E S :

Cast e e l , S.W., Cowart, R.P. Wei s , C.P., H e n n i n g s e n , G.M. H o f f m a n , E. et al. ( 1 9 9 7 )
B i o a v a i l a b i l i t y o f Lead i n S o i l f r o m t h e S m u g g l e r M o u n t a i n S i t e o f A s p e n C o l o r a d o ( A c c e p t e d
for P u b l i c a t i o n ; Fundimentals of Applied Toxicology).
D U R A . 1992

E P A . 1995. B i o a v a i l a b i l i t y o f M e t a l s i n S o i l s a n d S o l i d Waste. S t a n d a r d O p e r a t i n g Procedure .
Report pr epared f o r t h e U . S . Environmenta l Protec t ion A g e n c y , Region V I I I , b y R o y F . W e s t o n ,
Inc. Document Control N u m b e r 4800-045-018. J u n e , 1995.
EPA. 1999. P i l o t - S c a l e Soil Characterizat ion S t u d y : Vasquez Boulevard and I-70 S i t e , Denver,
Colorado . Prepared f or USEPA Region 8 . Prepared by ISSI C o n s u l t i n g G r o u p , Inc .
S e p t e m b e r 1999.
R A G S . 1992.

W e i s , C. P., P o p p e n g a , R. H., T h a c k e r , B. J., and H e n n i n g s e n , G. M. ( 1 9 9 4 ) Des ign of
pharmacok ine t i c and b i o a v a i l a b i l i t y s t u d i e s o f lead in an immature swine m o d e l , LEAD IN
P A I N T . S O I L . A N D D U S T : H E A L T H R I S K S . E X P O S U R E S T U D I E S . C O N T R O L M E A S U R E S .
M E A S U R E M E N T M E T H O D S . A N D Q U A L I T Y A S S U R A N C E . A S T M S T P 1226. M . E . Beard
and S. A. I s k e , Eds., American Soc i e ty for T e s t i n g and M a t e r i a l s , P h i l a d e l p h i a , 19103-1187

W e i s , C.P. and L a V e l l e , J.M. ( 1 9 9 1 ) Characteris t ic s to consider when choosing an animal
model for the s tudy of lead b i o a v a i l a b i l i t y . In: The Proceed ings o f the I n t e r n a t i o n a l S y m p o s i u m
on the B i o a v a i l a b i l i t v and Dietary U p t a k e of Lead. Sc i enc e and T e c h n o l o g y Let t er s 3:113-119.
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G E N E R A L PROCEDURES
1.0 The study protocol along with the QAPP and its associated S O P s will be maintained in

a S t u d y Notebook. A copy of this notebook will be r ead i ly available to all team
members.

2.0 All study operations will be in accord with these SOPs. Any deviations will be
recorded.

3.0 All data will be electronically recorded, or written hi ink. Corrections to electronic data
must be approved hi writing by the S t u d y Director. Corrections to written data must be
accomplished by a single strike, the correct entry, a reason for the change unless
obvious (e .g . , s p e l l i n g ) and the init ials of the person making the correction,
accompanied by the date. The person making the correction should be the same as the
individual who made the original entry.

4.0 Abbreviations used will be either d e f in ed at f i r s t use in each document or be d e f in ed in
Stedman 's Medical Dictionary.

5.0 Measurements will be made in metric units.
6.0 The Quality Assurance O f f i c e r (QAU) will maintain the Standard Operating Procedures

(SOPs) and any revisions.
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LABORATORY E Q U I P M E N T
1.0 All equipment maintained and used as described in the provided m a n u f a c t u r e r ' s

manual. The manufacturers manual will be kept near each equipment item.
2.0 All equipment used to weigh or measure materials will be calibrated to ensure they are

accurate, and these calibrations will be repeated per iod i ca l ly throughout the study, as
detailed below. Log books documenting the calibration of scales, balances, and
pip e t t e s will be maintained throughout the course of the study.
a. Scale s and balances used in the study will be calibrated no less frequent ly than

once per week, using a set of calibration weights. All calibrations will be
recorded in a log book.

b. Re-pipe t tor s will be calibrated prior to processing each "batch" of samples .
T h i s will be done by weighing a standard volume of d i s t i l l e d water. Delivery of
volumes outside the manufacturer s p e c i f i c a t i o n s will be reported and corrected.

c. S m a l l volume p i p e t t i n g will be conducted with electronic d ig i ta l p i p e t t e s of
known accuracy and precision. Accuracy and precision will be checked using
the method described in b (above) at the lowest and highest m a n u f a c t u r e r ' s
recommended volumes. In addition, a commercially available calibration kit
will be used to assure p i p e t t e accuracy (Medical Laboratory Automation, Inc.,
P l e a s a n t v i l l e , New York). The commercial kit will be used on a monthly basis
or for each batch of samples to be proce s s ed , at the discretion of the S t u d y
Director.

d. Freezer and re fr igerator temperatures will be "read" by a standard high-low
thermometer l e f t in the unit. The weekly high-low will be recorded.
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PURCHASE OF SUPPLIES AND PREPARATION OF REAGENTS
1.0 INTRODUCTION
Various d i s p o s a b l e s u p p l i e s and laboratory reagents are needed to p er f orm the invest igations that
comprise this study. T h i s SOP d e t a i l s the preparation of laboratory solutions and a protocol to
f o l l o w to ensure that the s u p p l i e s and reagents are not s i g n i f i c a n t l y contaminated with arsenic.
2.0 SUPPLIES AND E Q U I P M E N T
A variety of items are required to p e r f o r m the investigations including:

• Feed containers
• Purple top Vacutainers* (10 mL and 3 mL)
• Blue top 15 mL Falcon* centrifuge tubes
• Whirlpac* p la s t i c bags
• Micropipe t t e t ip s
• Scint i l la t ion vials (5 mL)
• Plastic scissors
• Plastic f o r c ep s
• T e f l o n screw cap containers
• Volumetric p i p e t t e s
• Volumetric f l a s k
• Coors crucible
• Agate m o r t a r / p e s t l e

Prior to employing such items in an invest igation, one or more sample s of each item or each batch,
as a p p r o p r i a t e , must be tested to ensure that the equipment will not contribute s ignif icant arsenic
contamination.
3.0 S T O C K R E A G E N T S
Purchase only the highest purity reagents available, with special attention to the level of arsenic
contamination. Store all stock reagent bott les hi a locked room. Never place any object into a
stock reagent bot t l e . Rather, pour portions of the chemical into separate clean, arsenic-free
containers, as needed. Never return any material to a stock reagent bottle.
4.0 S T O C K SOLUTIONS
Prepare f r e sh stock solutions for each new study. Label each prepared solution with the f o l i o whig
information:
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• Reagent name
• Composi t ion
• Date prepared
• Expiration date
• I n i t i a l s of preparer

Store all stock solutions in a secure cabinet. If any vi s ib le sign of pr e c ip i t a t i on or microorganism
growth is detected in stock solution, discard all of that stock solution and prepare f r e sh . Never
place a p i p e t t e or any other object in a stock solution bo t t l e . Rather, pour stock solution into a
clean tube as needed. Never return unused solution to the stock bot t le .

4.1 Sodium Arsenate Solutions
Stock Solu t i on A
Weigh 41.6 grams of sodium arsenate ( N a 2 H A s 0 4 * 7H 2 O) and dis solve in d i s t i l l e d water to a final
volume of 1 l i ter. (Volumes may be a d j u s t e d as necessary to prepare amount of reagent needed
for s tudy). The concentration of arsenic in this solution is 10 u g / u L .
Stock Solu t i on B and C
Prepare Stock S o l u t i o n s B and C by di lu t ing Stock S o l u t i o n A as f o l l o w s :

S t o c k S o l u t i o n B = 20 mL of S t o c k S o l u t i o n A + d i s t i l l e d water to a f ina l volume of 100
mL (1:5 d i lu t i on). The concentration of arsenic in this solution is 2 ug/uL.
Stock Solut ion C = 10 mL of Stock Solut ion A 4- d i s t i l l ed water to a f inal volume of 100
mL (1:10 d i lu t i on). The concentration of arsenic in this solution is 1 u g / u L .

IV S o l u t i o n
T h i s S t o c k S o l u t i o n is used for intravenous dosage or preparation of arsenic s tandards. Prepare
the IV Stock Solu t i on by di lut ing Stock Solu t i on B as f o l l o w s :

IV S o l u t i o n = 1 mL of S t o c k S o l u t i o n B + d i s t i l l e d water to a f inal volume of 100 mL.
The concentration of arsenic in this solut ion is 0.02 ug/uL or 20 u g / m L .
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4.2 Sodium Arsenate Check S t a n d a r d s
The f o l l o w i n g amounts of the IV Stock Solu t ion will need to be diluted with control animals urine
to 60 mL in a 100 mL graduated cylinder to achieve the required check standards:
Arsenic Low (10 ug As/L urine)

AsLow = 30 uL of IV Stock S o l u t i o n + urine from control animals to a f ina l volume of
60 mL. Mix well.

Arsenic Medium (30 ug As/L urine)
AsMed = 90 uL of IV Stock S o l u t i o n + urine from control animals to a f ina l volume of
60 mL. Mix well.

Arsenic H i g h (100 ug As/L urine)
A s H i g h = 300 uL of IV Stock S o l u t i o n + urine from control animals to a f ina l volume
of 60 mL. Mix wel l .



SOP #3 S T A N D A R D O P E R A T I N G PROCEDURE Page 1 of 2
Sep t ember 1999

US EPA REGION 8 ARSENIC BIOAVAILABILITY STUDY

Date: Sep t ember 1999 (Rev. # 1)
T i t l e : Animal Purchase. I d e n t i f i c a t i o n and Grouping

SOP No. #3

A P P R O V A L S :
I S S I C o n s u l t i n g Group. Inc.

T o t a l Pages 2

Autho

S t u d y Director D a t f c

SYNOPSIS: Each animal purchased for potential use in an investigation must be assigned a
permanent and unique i d e n t i f i c a t i o n number. All animals selected for inclusion in
an investigation must be assigned to dose/ treatment groups at random. T h i s SOP
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A N I M A L P U R C H A S E , I D E N T I F I C A T I O N , A N D
A S S I G N M E N T T O GROUPS

1.0 ANIMAL P U R C H A S E
All animals used in these investigations will be purchased from the Pig Improvement Corporation
(PIC) f a c i l i t y located near Monroe City, Missouri. All animals will be intact males of the
genetically def ined Line 26. The number of animals purchased should be approximately 10%
more than the number cal led for in the study plan. The body weights and/or ages of the animals
purchased should all be as uniform as po s s i b l e . The target body weight at time of purchase is
about 7-8 kg.
2 .0 ANIMAL IDENTIFICATION
Immediate ly upon receipt of the animals, each animal will be given an ear tag which contains a
permanent and unique i d e n t i f i c a t i o n number. T h i s number will consist of the investigation number
f o l l o w e d by a two-digi t i d e n t i f i c a t i o n number. For example , animals in I n v e s t i g a t i o n 3 would be
assigned consecutive ID numbers beginning with 301.
3.0 PRE-INVESTIGATION HANDLING
The ear tag number of each animal will be entered into the logbook on the page designed for
recording pre-investigation observations. Animals will be fed and watered as de tai l ed elsewhere,
and the body weight of each animal will be recorded prior to dosing during the ho ld ing per iod.
Any animals that do not appear healthy or are not growing at the same rate as the other animals
will be excluded from the investigation. Of the remaining animals, the heaviest and the l i gh t e s t
will be excluded in an alternate fa sh ion until the number remaining is equal to the number called
for in the study protocol. Each of these animals is then assigned to a dose/treatment group at
random, as detailed below.
4.0 RANDOM ASSIGNMENT TO TREATMENT GROUPS
a. Prepare a list of the animals in ear tag order.
b. Use a computer to generate a series of random numbers, assigning these numbers in turn

to each animal in the l i s t .
c. Sort the animals sequentially based on the random numbers.
d. Ass ign the f ir s t four animals to group 1, the next 4 to group 2, etc.
e. Sort animals sequentially within assigned groups.
T h i s randomization procedure is general and can be used to assign S a m p l e Numbers or any other
items that requires a random approach.
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A N I M A L W E I G H I N G , F E E D I N G A N D W A T E R I N G
1.0 FEEDING
All investigations performed in this study call for animals to be provided with 100% of their daily
f o o d requirements. T h i s is achieved by s u p p l y i n g each animal with f o o d equivalent to 5% of its
body weight each day. Since the animals are expected to grow s ign i f i can t ly (0.3 to 0.8 k g / d a y )
over the invest igation p er i od , the f o o d portions must be constantly ad ju s t ed upward over time.
1.1 Food S u p p l y
The f e ed used in these experiments will prov ide 100% of the recommended dietary requirements
of swine. The f e ed will be analyzed prior to usage to confirm low arsenic concentrations. The
dietary composi t ion will be reviewed by a swine nutritionist. T h i s f e ed will be purchased f rom
Zieg l e r , I n c . , and a detailed analysis of the composit ion will be provided with each lot purchased.

1.2 Weighing Schedule
Each animal must be weighed once every three days of the investigation, normally beginning on
day -1. These weights will be used to calculate the appropriate amount of f e ed to give during the
f o l l o w i n g three days (see below). Animals will also be weighed on the day of sacr i f i c e . All body
weights will be recorded in the laboratory log book to the nearest 0.1 kg.
1.3 Calculat ion of F o o d Portions
F o o d portions administered in these experiments will be based on the mean body weight (MBW)
of all animals on study. Further, the mean body weight used will be a d j u s t e d to account for the
gain in body weight expected to occur over the next two days f o l l o w i n g weighing, such that the
mean body weight used is the estimated weight on day 2 of the 3-day period. T h i s adjus tment
(based on the growth rates observed in EPA Phase I experiments) s imply requires adding 1 kg to
the mean body weight measured.
An example calculation is shown below.

Mean Body Weigh t (day -1) 8.3 kg (measure)
Estimated MBW on day +1 9.3 kg (MBW + 1 kg)
Calculation of f o od portion to be given twice each day on days 0,1, and 2:

Portion (g) = (1/2)(0.05X9.3 £g)(1000 -!-) = 232.5 gkg
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W e i g h f e e d port ions (accurate to within ± 5 % of the targe t) into d i s p o s a b l e paper containers. The
total number of port ions needed is equal to six times the number of animals on p a p e r study (two
portions per day for each of three days). Provide one portion to each animal twice each day
according to the time schedule s p e c i f i e d in the experimental protoco l .
T a b l e 1 summarizes the growth rates observed during Phase I, and i l lu s t ra t e s the range of f o o d
portions that may be required.
Feed A n a l y s i s
To ensure the f e ed delivered ac tua l ly contains low arsenic l ev e l s , two random samples (each about
5 g) from each batch of f o o d provided by the s u p p l i e r will be placed in separate 15 mL Falcon*
c en t r i fuge tubes and sent to the laboratory for arsenic analysis prior to beginning each
investigation.
2.0 WATERING
Water S u p p l y
The protocol for all investigations per formed during this s tudy c a l l s for animals to be provided
with drinking water ad libidum. The source of the drinking water will be the municipal drinking
water system, and drinking water will be provided to each cage via a p i p e and nozzle which is
activated by the animal. Laboratory technicians will check each day to ensure that all water
delivery nozzles are funct ioning proper ly .
Water Analy s i s
To ensure the drinking water delivered to the animals is not s i g n i f i c a n t l y contaminated with
arsenic, one sample (about 5-10 mL) will be drawn at random from a drinking water nozzle and
plac ed in 15 mL Falcon* tube for shipment to the analytical laboratory for arsenic analysis
(Detection limit = ~ 2 u g / L ) . T h i s process wil l be repeated approximate ly once each week during
the investigation.
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T A B L E 1 S U M M A R Y OF SWINE G R O W T H C U R V E S
OBSERVED DURING PHASE I

S t u d y
Day

-7
0
5
9
13
17
21
25

Mean Body
Weight (kg)

8.8
10.7
12.8
14.8
17.1
19.6
22.6
25.7

Food Portion
(g) ( t w i c e / d a y )

220
268
320
370
428
490
565
643
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A N I M A L H E A L T H E V A L U A T I O N
1.0 Swine chosen for each invest igation will be monitored throughout the invest igation to

i d e n t i f y any evidence of disease. Thi s monitoring program will consist of the f o l l o w i n g
elements:

1.1 Daily observation by the PI or des ignated assis tant, with consultation as needed by a board-
c er t i f i ed food-animal clinician. Observations for each animal will be recorded dai ly on a
health-status chart attached to the cage of each animal. Observations will be generally akin
to the "SOAP" ( sub j e c t i v e , o b j e c t iv e , analysi s , p l a n ) process. If any interventive s t eps are
taken for an animal (e.g. , administration of ant i b i o t i c s) , this action shall also be recorded
on the chart for that animal.

1.2 Any pig that dies during the study period will have a thorough post-mortem examination
conducted to determine the cause of death. The post-mortem examination will include
gross and h i s t o l og i c examinations and any ancillary t e s t s , such as microbio logy, deemed
appropriate by the veterinary patho log i s t . All observations and f i n d i n g s will be recorded.

1.3 Medical records from the swine producer and the p r o d u c e r ' s veterinarian, including
documentation of heal th s tatus, will be available if needed to assess overall swine herd
health, history of vaccinations, etc.
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C O L L E C T I O N , P R E P A R A T I O N , A N D S H I P M E N T O F T E S T M A T E R I A L S

1.0 S A M P L E S E L E C T I O N
The primary reason for test ing s i t e - sp e c i f i c sample s in this s tudy is to obtain information that will
improve the accuracy of exposure and risk calculations. T h e r e f o r e , it is expected that site sample s
will be selected to be representative of materials which are of current or potent ial fu ture human
health concern. S a m p l e s may either be from discrete locat ions , or may be compos i t e s f r om an
area. S a m p l e s may either be re lat ive ly pure mineral or physical f o r m s , or may be mixtures that
are typical of mixtures found on site. It is recommended that the input of all concerned part ie s be
considered be fore f inal sample selection.

2.0 S A M P L E C O L L E C T I O N
2.1 Target Concentration
The concentration of arsenic hi the material submitted must be high enough to provoke a
measurable response in the animal test system (if the arsenic is bioavailable). The most convenient
concentration is 200 to 2,000 p p m , but higher or lower concentrations are acceptable.
However, no sample less than 200 ppm should be submitted without f i r s t di scus s ing and receiving
approval from the EPA regional toxicologi s t .
2.2 Amount Required
The target amount of material required is about 1 kg. Higher amounts may be needed if the
concentration value is near the low end of the acceptable concentration range. Contact the EPA
regional toxicologist if it is not pos s ible to obtain this much material for testing. It should be
noted that the material co l l e c t ed must be large enough to provide a sp l i t to the PRPs, if requested.

3.0 S A M P L E C O L L E C T I O N AND P R E P A R A T I O N
S a m p l e s will be co l l e c t ed according to the p r o t o c o l s deve loped for the VB-I70 Intensive S a m p l i n g
QAPP.
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4.0 S A M P L E LABELING
Each sample of test material must be labeled with the f o l l o w i n g information:

• S i t e name
• S a m p l e descript ion
• S a m p l e collection date
• Ini t ia l s of person collecting sample
• Arsenic concentration value (mg/kg)

6.0 S A M P L E SHIPPING
ISSI will send the sample under chain-of custody procedures to the Principle Investigator (PI).
All packages will be opened by the PI or authorized s t a f f f o l l o w i n g chain-of-custody procedures.
Receipt of all sample s or test chemicals will be recorded. Chain-o f-cu s tody forms will remain
attached to all test samples.
7.0 Storage of Tes t Materials.
All test sample s will be retained in their original shipment containers and stored in a secure room
that is locked at all times except when it is being used for preparation of doses or samples , or other
operations associated with performance of these investigations. Access to the locked room will
be restricted to the PI or dedicated s t a f f authorized by the PI.
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PREPARATION AND ADMINISTRATION OF DOSES
1.0 INTRODUCTION
U n a v a i l a b i l i t y studies call for exposure of animals to known doses of sodium arsenate and to
arsenic in various samples of soil or mine waste. All doses will be based on the mean body weight
of the animals on s tudy, using a three-day weighing cycle (see SOP 4).
2.0 ORAL EXPOSURE
2.1 Sodium Arsenate
Oral exposure to sodium arsenate is achieved by p lac ing a small volume of sodium arsenate stock
solution into a depression in a 5 g mass of moistened feed ("doughbal l"). A f t e r the stock solution
has permeated into the doughbal l and no f r e e liquid remains, the depres s ion is f i l l e d by squeezing
the dough ball in on i t s e l f , and the doughball is administered to the animal by hand f e e d i n g .
All animals in each dose group will receive the same volume of sodium arsenate stock solution,
based on the mean body weight of all animals in the group. (The precise dose to each animal will
subsequently be calculated f r om the individual measured body weights). Calcu la t e the volume of
stock so lut ion to place in the dough b a l l s of each dose group (twice each day) using the f o l l o w i n g
equation:

. ( Cone )

where:
Vol = Volume of stock solution (uL)
MBW = Mean body weight (kg), a d j u s t e d as d e ta i l ed in SOP 4
Dose = Targe t dose for the group ( u g / k g - d )
Cone = Concentration of stock solution ( u g / u L )

Three d i f f e r e n t stock solutions of sodium arsenate will be used as described in SOP 2. Choose
S t o c k S o l u t i o n A (10 u g / u L ) , S t o c k S o l u t i o n B (2 u g / u L ) or Stock S o l u t i o n C (1 u g / u L ) so that
the volume of liquid added to the dough ball is at least 20 uL and not more than 100 uL.
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E X A M P L E C A L C U L A T I O N S

Mean Body Weight (kg)
Targe t Dose ( u g / k g )
Volume of A (uL)
Volume of B (uL)
Volume of C (uL)
Solu t i on Sel e c t ed

Example 1
9.7
25

12.1
60.6
121.3

B (60.6 uL)

Example 2
14.3
50

35.8
178.8
357.5

A ( 3 5 . 8 u L )

Example 3
15.8
125

98.8
493.8
987.6

A (98.8 uL)
All volumes must be measured with an accurate a d j u s t a b l e microp ipe t t e using d i s p o s a b l e p l a s t i c
t i p s .
2.2 Soil S a m p l e s
Adminis tration in "Doughballs"
Oral exposure to arsenic in test soil or mine waste is achieved by p lac ing the required mass of the
test material into a depression in a mass of moistened f e ed ("doughbal l"). The size of this
doughbal l should be approx imate ly 5 g (+ 1 g). The depres s ion is then f i l l e d by squeezing the
doughball in on i t s e l f , t rapping the test material hi the center. T y p i c a l l y , all of the required mass
of soil for each dose can be placed into a singe doughbal l . If the mass of soil required is too large
to encapsulate into a single doughbal l , the mass of soil shall be divided into approximately equal
portions and placed in the minimum number of doughba l l s reqired to contain the soil.
Calcu la t i on of S o i l Mass
All animals in each dose group will receive the same mass of test material, based on the mean
body weight of all animals within the dose group. (The precise dose to each animal will
subsequently be calculated from the individual measured body weights). Cal cu la t e the mass of test
material to administer to each dose group (twice each day) using the f o l l o w i n g equation:

Mass = 1/2 [ MBW • Dose\
{ Cone ) (1000
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where:
Mass = Mass of test material (mg)
MBW = Mean body weight (kg)
Dose = Target dose for the group ( u g / k g - d )
Cone = Concentration of arsenic hi the test material ( u g / g or p p m )

A few example calculations are shown below. The calculations for each group on each day must
be recorded.

Mean Body W e i g h t (kg)
Target Dose ( u g / k g )
Concentration As in soil ( p p m )
S o i l mass per dose (mg)

Example 1
9.7
25

500
242.5

Example 2
14.3
50

1000
357.5

Example 3
15.8
125

3000
329.7

S o i l doses must be weighed with a precision of at least ±5%.
2.3 Soil Mixing Prior to Weighing
It is expected that the bulk soil sample will be non-homogeneous with respect to par t i c l e size, and
the concentration and form of arsenic is expected to vary as a func t i on of par t i c l e size. T h e r e f o r e ,
it is important that the soil be well-mixed prior to removal of the dose aliquots. Thi s is achieved
by p lac ing the b o t t l e containing the bulk soil sample on a roller operating at low speed for about
30 minutes. After ro l l ing , the bo t t l e should be further mixed by inverting f i v e times. It is
important that vigorous methods of mixing not be used, since this might lead to a redis tribution
of the par t i c l e size distribution.
2.4 Oral Dose Ver i f i ca t i on Sampl e s
At least two extra dough b a l l s (or sets of d o u g h b a l l s , if more than one doughbal l is required to
administer the s o i l ) should be prepared for each dose "batch" (a "batch" is a group of d o u g h b a l l s ,
s u f f i c i e n t for three days administration to a particular set of animals). A f t e r all doughba l l s in the
batch are prepared, select two at random, wrap them ( i n d i v i d u a l l y ) in p l a s t i c wrap, and place both
in a Whirl-Pac p la s t i c bag label led with the appropriate "self-reading" sample ident i f i ca t ion
number, as described in Sec t ion 1.2 of SOP 9. ISSI will provide preprinted s e l f - r e a d i n g sample
lab e l s to UM-C for labe l ing these storage bags. The adhesive sample label should be a f f i x e d to
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the plas t i c bag and covered with clear packaging tape to avoid loss of the labels during storage.
[NOTE — If it is determined that the t a p e / l a b e l method does not work, assigned sample labels will
be written on the p l a s t i c bags with an inde l i b l e ink marker.] Store (archive) all potent ial dose
veri f i ca t ion samples hi the freezer until the end of the s tudy.
At the end of the s tudy, EPA and the PI will decide what percentage of all dose veri f icat ion
samples to send to the laboratory for analysis. This will always be at least 5 %, but may be higher.
A f t e r the percent of samples to be analyzed is s p e c i f i e d , ISSI will select (at random) the s p e c i f i c
sample s to be t e s t e d , and provide a l i s t of these sample s along with a f u l l set of sample tags, a
"sample detai l" sheet (this shows which dough b a l l s receive which t a g s ) , and a chain-of-custody
sheet. The archived bags containing the s p e c i f i e d samples should be l o ca t ed , and one of the
doughball s within the bag removed and placed in a separate bag (labeled with the assigned sample
tag number) for shipment to the laboratory. Replace the remaining dough ball sample in the
storage box in the freezer as soon as po s s i b l e .
A f t e r all sample s have been placed in bags as above, check the COC form, noting any
discrepancies in the "Comments" f i e l d . S h i p the frozen dough bal l s (on ice/blue ice) to the
analytical laboratory for sample preparation and analysis as detailed in SOP 12.
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D A T A RECORDING A N D R E P O R T I N G
1.0 INTRODUCTION
Data that must be recorded and reported for each animal over the course of each study includes:

• Measured body weights
• Food suppl ied
• Doses administered
• S a m p l e s co l l e c t ed
• Exceptions or variances from the planned protocol

For each investigation performed during these experiments, a log book will be provided for entry
of these data items on the schedule required.
2.0 DAILY LOG RECORDING PROCEDURE
There will be one log book for each investigation, and this log book will contain one or more
pages per day (as needed), beginning on the day the animals arrive at the f a c i l i t y . Each page will
list the animals on test down the l e f t side, and will provide space to record any data items
scheduled for co l l e c t ion on that day. On days when biological sample s are scheduled for
collection, the logbook will s p e c i f y the sample identi f i cat ion number to be attached to each sample
af t er collection.
All data must be recorded daily on the appropriate page of the log book. All data must be
recorded at the time each value is measured or observed. All entries must be in ink (pre f erab ly
black). Take care to ensure entries are readily l egib le . In the event that a data entry error is
made, the incorrect entry must be crossed out with a single line through the value and the correct
value entered in an adjacent location. Thi s change must be initialed and dated by the person
making the change. If another person is present, have that person initial the change as well. An
explanatory note giving a brief reason for the change must also be provided. The log book should
also be used to record any problems, errors, exceptions or variances from the intended protocol,
along with any explanatory notes or other comments.
3.0 DATA REVIEW AND SUBMITTAL
At the completion of data entry for a given day, the log book will be provided to the p r i n c i p l e
investigator for review and signature. A copy of each page of the da i ly log will be sent to ISSI
no less frequently than once per week. T y p i c a l l y , transmittal of the daily log pages will occur
every Tuesday, at the same time that samples are transmitted to the analytical laboratory.
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S A M P L E L A B E L I N G A N D A S S I G N M E N T O F S A M P L E N U M B E R S
1.0 DECIPHERABLE LABELS
All sample s co l l e c t ed during this study will be assigned a unique label that can be readi ly
deciphered. The nomenclature for labels assigned to biological samples and dose verification
sample s are de ta i l ed below.
1.1 Biological S a m p l e s
Each biological sample (b l ood , tissue, bone) label will have 5 elements, as f o l l o w s :

P H A S E . All labels will begin with a two l e t t er code to indicate from which study the
sample is derived (e.g., XX-).
INVESTIGATION NUMBER. The next element of the label will be the inves t igat ion
number for a given phase. Investigations will be numbered sequentially using Arabic
numerals. The number of each invest igation will also be c l ear ly indicated in the s tudy
protoco l .
ANIMAL NUMBER. The next element of each label is the unique i d e n t i f i c a t i o n number
assigned to each animal at the start of each investigation (see SOP 3).
TREATMENT DAY. The next element of the label is the day of the investigation on
which the sample was co l l ec t ed. Day zero is the f i r s t day of do s ing/ tr ea tment . S a m p l e s
collected before dosing should be ident i f i ed with the label"-" (e.g., -7 means 7 days before
exposure/treatment begins).
S A M P L E T Y P E . The final element of the sample label is the sample t y p e , using the
f o l l o w i n g codes: U = urine and P = fece s . Other codes can be used as needed if other
sample type s are prepared or co l l e c t ed .

T h u s , a sample labeled "XX-3 317-4-U" would be a sample of urine co l l e c t ed f r o m animal 317
on the 4th day of investigation 3 in Phase XX. Likewise, a sample labeled "XX-2 283-15-P"
would be a sample of f ece s collected from animal 283 on the 15th day of investigation 2 in Phase
X X .
1.2 Dose Ver i f i ca t i on S a m p l e s
Two extra dough b a l l s will be prepared for each three-day batch for each dose group for po s s i b l e
use as dose ver i f i ca t i on sample s . Both extra doughba l l s f rom each group should be p laced in
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individual p l a s t i c bags, and assigned lab e l s using a code system similar to that above. However,
substitute the group/ treatment number for the animal number. A l s o , since the d o u g h b a l l s are
prepared in batches adequate for three days, give the range of days rather than a discrete day.
T h u s , a bag labe l ed "XX-4 G r p 5 - 6 t o 8 - D V l " would i d e n t i f y the f i r s t dose ver i f i ca t ion sample for
Group 5 on days 6 , 7 , and 8 of Inve s t iga t i on 4 in Phase XX.
2 .0 S A M P L E IDENTIFICATION NUMBERS
Analy s i s of all sample s sent to the laboratory is b l ind, except for i d e n t i f i c a t i o n of the sample
matrix. T h e r e f o r e , each sample is assigned a non-decipherable sample number. T h e s e numbers
will be provided by ISSI and preassigned to samples as shown in the log book. As an added level
of protec t ion against error, the archive sample (e.g. whole b l o o d , tissue s a m p l e ) that is used to
prepare a sample for analysi s will be labeled with the same sample number that is assigned to the
prepared sample , except the s u f f i x " -AS" ("archive sample") will be included.
3.0 S E L F - A D H E S I V E LABELS
As noted above, all sample labe l s and sample numbers will be pre-assigned and l i s t ed hi the
laboratory notebook. To reduce e f f o r t and avoid transcription errors, ISSI will prepare sheets of
pre-coded s e l f - a d h e s i v e lab e l s for attachment to all co l lec t ion and storage containers and all QA
sample s sent to the laboratory for analysis. A hypothet ical example of such a label sheet is shown
hi Figure 1. As shown, the labe l s are arranged from top to bottom in order of cage number. T h i s
is because sample co l l e c t ion will proceed in this order.
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FIGURE 1
E X A M P L E LABEL S H E E T

US EPA REGION 8 SWINE BIO AVAILABILITY STUDY - PHASE XX
INVESTIGATION 3, DAY 5

Cage
N o
1
2

3
4
5

6
etc
etc

Pig
N o .
337
318

355
314
311

305

S a m p l e
Label
XX-3 337-5-U
XX-3 318-5-U

XX-3 355-5-U
XX-3 314-5-U
X X - 3 3 1 1 - 5 - U

XX-3 305-5-U

S a m p l e Number
Archive
8-930567-AS
8-930594- AS

8-930561-AS
8-930577-AS
8-930582-AS

8-930575-AS

ESD
8-930567
8-930594

8-930561
8-930577
8-930582

8-930575

S p l i t s
—
8-930567CDC
8-930567PRP
—
—
8-930582CDC
8-930582PRP
—
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P R E P A R A T I O N O F S A M P L E S F O R A N A L Y S I S
S a m p l e s of water and f e ed will be prepared for shipment to the analytical laboratory as f o l l o w s .
1. Water:

a. Random samples of drinking water (approximately one per week) will be placed in
15 mL Falcon* tubes and shipped unprocessed to the analytical laboratory.

b. Random sample s (approx imate ly one per week) of the double d i s t i l l e d water used
to prepare sample s and reagents will be p laced in 15 mL Falcon* tubes and sh ipped
unprocessed to the analytical laboratory.

2. Feed:
a. 0.50 gram sub-samples of f e e d will be p laced into a T e f l o n container and 5 ml of

70 % nitric acid added. The dige s t will be brought to a 25 mL volume with double
d i s t i l l e d water.

b. Two gram portions of f e ed not utilized for analysis will be stored at ca. -10°C for
potential future reanalysis.

3. Dose V e r i f i c a t i o n S a m p l e s :
As described hi SOP 7, two extra "doughball s" will be prepared for each dose group for
each three-day dosing period. Doughbal l s selected for analysis will be prepared and
analyzed as detailed ir» SOP 12.
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CHAIN OF C U S T O D Y FORMS AND PROCEDURES
All samples col lec ted during this study must be accounted for and traceable from the time of
collect ion through analysis. A chain of custody (COC) form is created at the time that sample s
are or ig ina l ly c o l l e c t e d , and this form must accompany the sample s during each step of the
preparation and analysis sequence.
1.0 Custody of Sample s at the Animal Tes t ing Fac i l i ty
Collection of Primary Sample s
Each day that a group of samples is c o l l e c t ed , a chain of custody form should be f i l l e d out to
accompany those samples. Thes e forms will be pre-printed prior to each investigation, based on
the d e ta i l ed protocol for that investigation. Each form will contain a unique ident i f i cat ionnumber.
T h e s e forms contain the f o l l o w i n g information:

• The Phase and Inve s t iga t i on Number
• A list of the sample numbers on all samples collected
• The date each sample was collected
• The type of sample (blood, liver, kidney, bone, water, etc.)

An example form is shown hi Figure 1. The person responsible for co l l e c t ing the samples should
c a r e f u l l y review the pre-printed sheet to ensure that the samples col lec ted match the list on the
COC form. Any incorrect entries should be changed by drawing a s ingle line through the entry
and entering the correct information adjacent . All entries and changes must be made in ink, da t ed ,
and ini t ialed. When all entries are correct, the sheet should be signed and dated.
T r a n s f e r to the Laboratory Technician
Most primary samples (blood, tissue, bone) require preparation before being sent to the analytical
laboratory. When the samples are transferred f rom the person who collected the samples to the
person responsible for preparing the sample s , this transfer should be recorded on the COC sheet.
The technician who receives the sample s is re sponsible for checking to ensure that all samples on
the COC form are actually provided and are in good condition. Any exceptions should be noted
on the form.
Security of Primary and Prepared Sample s
The PI is responsible for ensuring that all primary and analytical samples generated at the animal
f a c i l i t y are maintained in a secure location and that no one has access to the samples except the
PI or s t a f f authorized by the PI.
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2.0 T r a n s f e r of S a m p l e s from the Animal F a c i l i t y to Other Locations
Whenever sample s are sent f rom the animal f a c i l i t y to the analytical laboratory or any other
location, a careful record of this trans f er must be kept. The person who sends the package is
re spons ib l e for ensuring that the contents of the package and the COC forms are in agreement.
All sample s and the accompanying COC forms must be securely enclosed in a sh ipp ing container,
and this container must be sealed with an EPA custody seal. The EPA custody seal should be
over-wrapped with clean packing tape to ensure the seal is not broken acc identa l ly during
shipment. A copy of all COC forms sent to o f f s i t e locations is maintained by the f a c i l i t y .
Whenever a shipment of samples is being sent to the analytical laboratory, the person sending the
package should call ahead to n o t i f y the contract Laboratory of the time which sample s will be
sh ipped and the expected arrival date.
3.0 Receipt and Cus tody of S a m p l e s at the Analytical Laboratory
Responsibili t ies
The analytical laboratory will have a designated S a m p l e Cus tod ian who is re sponsible for insuring
compliance with the provisions of this SOP. The lab will also designate an Alternate S a m p l e
Custodian. Any laboratory employee may receive sampl e s , provided they f o l l o w the provisions
of this SOP.
S a m p l e Receipt
S a m p l e s are received f rom two main sources. The s e are direct del ivery (hand carried) from the
sampl ing team or delivered by a third party carrier (e.g. F e d e r a l Expres s).

For hand carried sample s , the sampling team member will deliver the sample s and chain-
o f - cu s t ody documents to the receiving lab employee. The sampler will remain during the
opening and inspection process.
When third party delivery occurs, the s h ipp ing container is received and secured until
opening. It is customary for the shipper to require a signed receipt form. A copy of this
receipt is included in the custody record which becomes part of the f ina l data package.

Opening the s h i p p i n g container and in spe c t ing the contents.
WARNING: It is p o s s i b l e for sample s p i l l a g e , leaking containers or sample adhering to containers
to pose health problems. The receiver must determine the proper level of personal protec t ion
required. A lab coat, gloves and g o g g l e s represent a minimum protec t ive level for all persons
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present. Addi t i ona l protect ion may include the use of a respirator or fume hood while opening
and inspec t ing the shipment. The room selected for sample receipt must contain a fume hood and
al low for easy containment and clean-up in case of s p i l l s .
Before opening the shipping container, it should be inspected for signs of damage. Note the
condition of custody seals and open the s h i p p i n g container. If third party s h ipp ing was used, the
chain-of-custody (COC) forms should be located inside the container. The condition of the
container and custody seals are now noted on the COC forms.
Remove each container in the shipment and check for damage, s p i l l a g e or leakage. S p i l l a g e from
a broken or leaking sample should be treated with an appropr ia t e absorbent. Dispo s e of the
absorbent and any broken containers according to Hazardous Waste Management procedures.
Cross-reference the sample tag with the sample i d e n t i f i c a t i o n on the COC forms. Any
discrepancies including missing or mis-labeled sample s , s p i l l a g e or broken containers should be
noted on the COC. It may be p o s s i b l e to i d e n t i f y samples with missing or i l l e g i b l e tags through
some other characteristic. T h i s should be c a r e f u l l y recorded on a separate document. T h i s
document will become part of the case narrative which accompanies the f inal report. Any
discrepancies should also be verbally reported to the site pro j e c t o f f i c e r . S a m p l e s which can not
be uniquely i d e n t i f i e d will not be analyzed, unless so directed by the analytical lab manager.
S a m p l e s are grouped by type of matrix and placed in secondary containers appropr ia t e to the
sample size and type. Each sample is checked for accuracy of its sample t a g / l a b e l vs. entries on
the COC form. The date and time of receipt are entered in the proper boxes of the COC form.
The receiver then signs the box "Received at Laboratory by:". Any addi t ional comments are
entered at this time in the comments section of the form.
S a m p l e Storage
In some cases, the sample receiver may dis tribute the required samples (or f ra c t i on s) to the
appropriate analytical section for immediate analysis. In all other cases, the samples are
segregated by parameter and locked in cold storage.
Contro l l ed sample access is required during their storage period. S a m p l e s are deemed to be in
custody during their residence at the laboratory.
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S a m p l e log-in and assignment of analyses
A f t e r securing the sample s , the sample receiver gives the chain-of-custody f orms , Lab Service
Requests and sampler's notes to the Laboratory I n f o r m a t i o n Management System (LIMS)
manager. H e / s h e then enters relevant sample information into the LIMS. The manager then
makes copies of the COC forms for each analytical group involved and h i g h l i g h t s the parameters
relevant to each group. The s e copies are then dis tributed to the analysts. The or ig inal s go into
the site p r o j e c t f i l e .
S a m p l e analysis
When the analyst is ready to begin sample proces s ing, he or she obtains the a p p r o p r i a t e key from
the sample custodian. A f t e r removal of sample s , the cooler is immediately locked and the key
returned to the sample custodian. A f t e r sample extraction or analysi s , unused port ions are
returned to the the locked re fr igerated storage area.
S a m p l e d i s p o s a l
S a m p l e remainders are kept in the locked refrigerated storage for a minimum of three years a f t e r
the f inal report is sent to the data user and approved by the Quality Assurance O f f i c e (QAU). At
any time a f t e r this three years, the S a m p l e Custodian in consultation with the data user may
designate the samples for d i spo sa l .
Transmi t ta l of documents
When analyses are comple t e , the analytical re sul t s , l e t t er of transmit tal , chain-of-custody f orms ,
LSRs and samplers notes will be sent to the data user. Copi e s of these documents and laboratory
raw data will be kept in laboratory f i l e s for at least ten years.
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FIGURE 1
CHAIN OF C U S T O D Y FORM

U S E P A R E G I O N 8 B I O A V A I L A B I L I T Y S T U D Y P H A S E X X
I n v e s t i g a t i o n 3, Day 7

S a m p l e s C o l l e c t e d By: ___:_____________________

COC XXX

Signature Date

I n d e x
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

S a m p l e N o .
8-931561
8-931562
8-931563
8-931564
8-931565
8-931566
8-931567
8-931568
8-931569
8-931570
8-931571
8-931572
8-931573
8-931574
8-931575
8-931576
8-931577
8-931578
8-931579
8-931580
8-931581
8-931582
8-931583
8-931584
8-931585

Date
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9
9 / 1 0 / 9 9

Matrix
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine

A n a l y t e s
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic
Arsenic

Remarks

TRANSFER OF C U S T O D Y RECORD
T r a n s f e r
1
2
3
4

Relinquished by:
Signature D a t e / T i m e

Received by:Signature D a t e / T i m e
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P R E P A R A T I O N A N D A N A L Y S I S O F DOSE V E R I F I C A T I O N S A M P L E S
1.0 INTRODUCTION
T h i s SOP provides a detailed description of the methods to be used to digest and analyze dose
verification samples (approximately 5 g portions of f e ed mixed with various amounts of either
sodium arsenate or test material) from these investigations. The SOP addresses d i f f e r e n t
sample preparation techniques that may be necessary to provide comple t e d i s s o lu t ion of the
arsenic species present in materials added to the feed portions. Thi s SOP is written as a
guideline for an experienced chemist. Many routine detail s or techniques of sample
preparation are not reiterated in this document. Minor method changes may be dictated by
sample- type variations and should only be made by experienced laboratory personnel.
2 .0 S A M P L E HANDLING AND P R E S E R V A T I O N
S a m p l e s will be received as frozen "doughballs" contained in a p l a s t i c bag. Prior to
preparation, samples should be kept in their sh ipp ing containers to maintain integrity. S a m p l e s
should be kept f rozen until analys i s to avoid p o s s i b l e l o s s of analyte by sample f l o w .
3.0 APPARATUS AND MATERIALS
3.1 Equipment
The f o l l o w i n g equipment items are required for sample preparation:

• M u f f l e furnace, capable of maintaining temperatures in the range of 400 - 500
degrees Centigrade.

• Ceramic crucibles.
• Erlenmeyer f l a s k s , 125 or 250 mL, with watch glasses or small funnels for

covers.
• Reagent dispensers or p i p e t t e s to del iver reagents at volumes and accuracies

discussed below.
• H o t p l a t e with variable temperature controller.
• Miscel laneous laboratory materials and equipment including volumetric

glassware, sample digestate containers, water wash bot t l e s , reagent grade water
source, and protective clothing and paraphernalia.



SOP # 12 STANDARD OPERATING PROCEDURE Page 3 of 5
September 1999

3.2 Reagents
The f o l l o w i n g reagents are required for sample preparat ion:

• N i t r i c Acid (HNO 3), concentrated (c. 60%).
• H y d r o g e n peroxide (H 2 O 2 ), concentrated (c. 30%).
• Reagent grade water (DI water), to meet or exceed s p e c i f i e d purity.
• Stock solutions of known, c er t i f i ed elemental concentrations for sample spike

preparation.
• H i g h purity cellulose f iber ( f i l t e r and ashing aid material).

4.0 HANDLING AND DIGESTION PROCEDURES
4.1 S a m p l e T r a n s f e r
Each swine f e ed portion ("doughbal l") is a unit sample. The entire sample must be digested to
ensure complete metals recoveries. If the sample has been al lowed to thaw during s h i p p i n g or
storage, care must be taken to ensure that all phases of the sample are quantitatively transferred
to the d ige s t ion f l a s k . Oil and moisture separations have been noted in thawed samples .
4.2 S a m p l e Digestion
The method outlined below should yield a d ig e s ta t e amenable to GFAA or ICP analyses of
arsenic and other common metals of environmental interest. Two dige s t ion schemes are
provided. One is f o l l o w e d for sample s spiked with s o lub l e arsenic sa l t s and the other for
samples which contain added soil or soil-like components. Some variations of reagent
quantities, diges t ion times, and f inal di lut ion volumes may be required to produce a suitable
analytical matrix. It is suggested that preliminary d ig e s t i on trials of antic ipated sample type s
be performed prior to actual analyses to evaluate the a p p l i c a b i l i t y of the general method.

1. About 20 mL of de-ionized (DI) water is added to the transferred and thawed
sample hi a 250 mL erlenmeyer f l a s k . T w e n t y - f i v e mL of concentrated nitric
acid is added and the slurried sample is allowed to stand several hours or over-
night at room temperature.

2. W i t h a small g la s s funnel (or small watch-glass cover) in the neck of the f l a s k ,
to provide r e f lux action, the sample is heated on a hotplate until the major i ty of
the organic matrix is di srupted and d i g e s t e d . The dige s ta t e should have a pa l e
yellow to clear appearance at that point.
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3. The funnel is removed to allow the aqueous nitric acid phase to reduce to about
10 mL. The f l a s k is removed from the hotplate and cooled.

4. Two mL of 30% hydrogen perox ide is added and the f l a s k is returned to the
ho tp la t e to initiate the oxidation step. Addi t i ona l aliquots of peroxide are added
(up to 30 mL) as needed to comple t e the destruction of organic material.

5. A f t e r cooling, about 20 mL of DI water and 5-10 mL of nitric acid are added
to each f l a s k and the contents are heated to near boiling.

At this point, samples containing soil or other soil-like test material should be set aside and
handled as described in steps 6A - 8A.

6. The cooled diges tate is d i lu t ed to a suitable volume for analysis. A minimum
volume of 500 mL is suggested to avoid potential s o l u b i l i t y problems.

7. F i l t r a t i o n of the f ini shed d ig e s t a t e prior to GFAA or ICP analysis is sugges ted.
If the sample contains soil or soil-like material ( s lag , waste rock, etc), f o l l o w steps 6A to 8A,
below.

6A. The soi l-spiked sample d ige s ta t e s f rom s t ep 5 (above) are f i l t e r e d through
Whatman 40 (or other ashless equivalent) f i l t e r papers . The f i l t r a t e and water
wash aliquots are di luted to a suitable f inal volume. The f i l t e r paper and residue
is ashed hi a porcelain crucible at a f inal maximum temperature of 450 degrees
centigrade. C e l l u l o s e f i l t er-a id is recommended to f a c i l i t a t e this s tep.

7A. The ash residue is transferred to a digestion f l a s k . Five mL of water and 5 mL
of concentrated nitric acid is added to the sample. The sample is heated on a
hotplate to reduce the volume to 3 - 5 mL. Five mL of water and two mL of
hydrogen peroxide are added to the cooled sample. The treated samples are
returned to the ho tp la t e to initiate the peroxide reaction. Subsequent portions of
peroxide may be added if required.

8A. The cooled samples are di luted to f inal volume for analysis.

5.0 QUALITY CONTROL
Contamination from handling, glassware, or reagents is monitored by the examination of a DI
water blank sample digested hi the same fashion as the samples. As the entire sample is
consumed during sample preparation, no dupl i ca t e or matrix spike samples are po s s i b l e .
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6.0 D O C U M E N T A T I O N AND DATA HANDLING
Swine f e ed samples will be i d e n t i f i e d throughout the preparation and analysis s t eps by the
sample number.
The concentration results of analysis will be converted to total micrograms of arsenic per
sample. In the case of soil-bearing samples, the reported value will be the sum of the masses
of arsenic measured from each diges tate part.
7.0 REFERENCES
Graphi t e Furnace AAS. A Source Book, W a l t e r S l a v i n , 1984, Perkin-Elmer Corp. , Norwalk
CT 06856
Standard Operating Procedure: Perkin Elmer 5100 Graphite Furnace Atomic Absorpt ion
Spectrophotometer. ESAT SOP A I 0 2 , 09/92.
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In order to eliminate any confus ion which might result pertaining to the proper dosing material
for a s p e c i f i c experiment, the f o l l o w i n g procedure will be implemented:

1. Only samples for use in the next experiment will be shipped to the University of
Missouri.

2. S a m p l e locations (de s c r ip t i on s) will be p laced on dos ing material containers, in
large, bold le t ters .

3. Dosing material chain-of-custody tag numbers will be included in the transmittal
letter in conjunction with the relevant sample description.

4. All chain-of-custody forms will be ini t ial led by ISSI personnel prior to
shipment.

5. Only do s ing materials for the particular experiment will be accessible in the
Missouri dose preparation laboratory.
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M e t a l s analysis will be performed in accord with a p p r o p r i a t e EPA SW-846 methods.



SOP # 15 STANDARD OPERATING PROCEDURE
September 1999

US EPA R E G I O N 8 ARSENIC BIO AVAILABILITY STUDY

Date: September 1999 (Rev. # 0) SOP No. #15
T i t l e : Methods f o r Metal S p e c i a t i o n ( I S S I S O P N o . ISSI-VBI70-09)____________

Total Pages 17

I S S I Consu l t ing Group. Inc.________________________________________
Author

SYNOPSIS: Method of Analyses Outline



S T A N D A R D O P E R A T I N G PROCEDURE
Metal Spec ia t i on and Quanit i f i cat ion of P e r l i t e

Date: S e p t e m b e r s , 1999 (Rev. # 0) SOP No. ISSI-VBI70-09
c

T i t l e : M E T A L S P E C I A T I O N A N D Q U A N T I F I C A T I O N O F P E R L I T E

A P P R O V A L S :

A u t h o r : _ _ _ I S S I Consult ing Group, Inc._________ Date: _____

SYNOPSIS: A standardized method for speciating metals and p er l i t e par t i c l e s in solid
samples is described. Equipment operating conditions, sample preparation and handling,
and statistical equations for data analysis and presentation are included.

R E V I E W S :
T E A M MEMBER S I G N A T U R E / T I T L E D A T E
U S E P A Region 8
I S S I Consul t ing Group, Inc.

Technical Standard Operating Procedures SOP No. ISSI-VBI70-09
ISSI Consul t ing Group, Inc. Revision No.: 0
Contract No. SBAHQ-98-D-002 Date: 9 / 2 / 9 9

Page 1 of 17

R:\Vasquez & I-70\Project P l a n s \ S O P s \ P i l o t - S c a l e S o i l Characterizat ion\Metaf S p e c i a t i o n SOP.doc



S T A N D A R D O P E R A T I N G PROCEDURE
Metal S p e c i a t i o n and Quanit i f i cat ion of Perlite

1.0 O B J E C T I V E S
The ob j e c t ive s of this Standard Operating Procedure (SOP) are to s p e c i f y the proper
methodologies and protocol s to be used during metal speciation of various solid samples
(including tailings, slags, sediments, dross, bag house dusts, and paint), residential soils
and dusts for metals. The metal speciation data generated from this SOP may be used to
assess the solid samples as each phase relates to risk. Parameters to be characterized
during the speciation analyses include particle size, associations, stoichiometry,
frequency of occurrence of metal-bearing forms and relative mass of metal-bearing
forms. In addition, aliquots of so l id sample s can be analyzed separately for p er l i t e . using
the same methodology. Per l i t e par t i c l e s are counted and sized based on the mineral
constituents of each part ic le . T h i s electron microprobe (EMP) technique, instrument
operation protocols and sample preparation to be used during implementation of the
Metals Speciat ion SOP are discussed in the f o l l o w i n g sections.
2.0 B A C K G R O U N D
To date, numerous metal-bearing forms of soils have been iden t i f i ed from various
environments within western mining districts ( T a b l e 2-1) (Emmons et al., 1927; Drexler,
1991 per. comm.; Drexler, 1992; Davis et al., 1993; Ruby et al., 1994; CDM, 1994;
W E S T O N , 1995). Thi s l i s t ing does not preclude the ident i f i ca t ion of other metal-bearing
forms, but only serves as an initial point of reference. Many of these forms are minerals
with varying metal concentrations (e.g., lead phosphate, iron-lead oxide, and slag). Since
limited thermodynamic information is available for many of these phases and equilibrium
conditions are rarely found in soil environments, the identity of the mineral class (e.g.,
lead pho sphat e) will be s u f f i c i e n t and exact stoichiometry is not necessary.
It may be important to know the particle-size distribution of metal-bearing forms in order
to assess potential risk. It is believed that part ic le s less than 250 microns (um) are most
available for human ingestion and/or inhalation (Bomschein, et al., 1987). For this study,
the largest dimension of any one metal-bearing form will be measured and the frequency
of occurrence weighted by that dimension. Although not routinely per formed, part i c l e
area can be determined. It has been shown (CDM, 1994) that data collected on par t i c l e
area produces similar results. These measurements add a considerable amount of time to
the procedure and limit the total number of partic le s or samples that can be observed in a
study.
Mineral association may have profound e f f e c t s on the ability for solubilization. For
example, if a lead-bearing form in one sample is predominantly found within quartz
grains while in another sample it is free in the sample matrix, the two samples are l ikely
Technical Standard Operating Procedures SOP No. ISSI-VBI70-09
ISSI Consul t ing Group, Inc. Revision No.: 0
Contract No. SBAHQ-98-D-002 Date: 9 / 2 / 9 9
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to pose s i g n i f i c a n t l y d i f f e r e n t risk l e v e l s to human heal th . T h e r e f o r e , associations of
concern include the f o l l o w i n g :

1) f r e e or l iberated
2) inclusions within a second phase
3) cementing
4) alteration rims

3.0 S A M P L E S E L E C T I O N
S a m p l e s should be se lected and h a n d l e d according to the procedure described in the
Proje c t Plan.
4.0 S C H E D U L E
A schedule for comple t ion of p r o j e c t s p er formed under this Metal s S p e c i a t i o n SOP will
be provided in writing or verbally to the contractor along with monthly report ing
requirements if large p r o j e c t s are p e r f o r m e d . The s e schedules are based on an aggressive
analytical program designed to ensure that the metals spec ia t ion analyses are comple t ed
in a t imely period. Monthly reports are expected to r e f l e c t s chedule status.
5 . 0 I N S T R U M E N T A T I O N
S p e c i a t i o n analyses will be conducted at the Laboratory for Environmental and
Geolog i ca l S t u d i e s (LEGS) at the Univers i ty of C o l o r a d o , Boulder or other comparable
f a c i l i t i e s . Primary equipment used for this work will inc lude:
Electron Microprobe (JEOL 8600) equipped with f our wavelength spectrometers, energy
dispers ive spectrometer ( E D S ) , BEI detector and the T N - 5 6 0 0 data processing system. RJ
Lee ZEPPELIN and DATALINK hardware may be used for image storage and
proces s ing. An LEDC spectrometer crystal for carbon and LDE-1 crystal for oxygen
analyses will be used.
6 . 0 P R E C I S I O N A N D A C C U R A C Y
The precision of the EMP spec ia t ion will be evaluated based on sample d u p l i c a t e s
analyzed at a frequency of 10%. The accuracy of the analyses will be estimated based on
a number of methods, d e p e n d i n g on the source of the data. Data generated by the "EMP
point count" will be evaluated s t a t i s t i c a l l y based on the methods of Mosimann ( 1 9 6 5 ) at
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the 95% con f id enc e level on the frequency data f o l l o w i n g Equation 1.
Eo.95 = 2 P ( 1 0 0 - P ) / N (Eq. 1)

Where: £0.95 = Probable error at the 95% con f id enc e level
P = Percentage of N of an indiv idual metal-bearing phase based

on percent l ength frequency
N = T o t a l number of metal-bearing grains counted

For arsenic, the goal is to count 200 p a r t i c l e s and the goal for lead is to count 100
particles. In the event that these goals are achieved in less than 8 hours, part ic l e counting
of Pb and As will be discontinued but counts of the other target metals ( C d , Zn, In, Tl,
Se, Hg and Sb) will continue until the 8 hours has expired. NIST 2710 or 2711 "Montana
soils" will be speciated for traceabil i ty.
Quantitative elemental analysis, primarily performed on slag or other variable, metal-
bearing forms, will have precis ion and accuracy evaluated on counting s ta t i s t i c s and
r e p r o d u c i b i l i t y of NIST or other c e r t i f i e d s tandards using conventional EMP methods. In
general, s i t e - s p e c i f i c concentrations for these variable, metal-bearing forms will be
determined by per f orming "peak counts" on the a p p r o p r i a t e wavelength spectrometer.
Average concentrations will then be used for further calculations. Data on s p e c i f i c
gravity will be c o l l e c t ed from referenced databases or estimated based on similar
compounds.
7.0 P E R S O N N E L RESPONSIBILITY
The analysts will c a r e f u l l y read this SOP prior to any sample examination.
It is the r e spon s i b i l i ty of the laboratory supervisor and de s ignate s to ensure that these
procedures are f o l l o w e d , to examine quality assurance (QA) and r e p l i c a t e standards, and
to check EDS and WDS calibrations. The laboratory supervisor will col lect results,
ensure they are in proper format, and de l iver them to the contractor.
M o n t h l y reports summarizing all progress , with a l i s t of sample s speciated to date with
data analyses sheets (DAS), will be submitted each month.
It is also the r e spon s i b i l i ty of the laboratory supervisor to n o t i f y the contractor
representative of any problems encountered in the s a m p l e analysis process.
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8.0 M E T H O D O L O G Y
8.1 S a m p l e P r e p a r a t i o n
Grain mounts, 1.5 inches in diameter, of each s a m p l e will be prepared using air-cured
epoxy. The grain mounting is p er formed as f o l l o w s :

1) Log the sample s for which p o l i s h e d mounts wil l be prepared.
2) I n s p e c t all d i s p o s a b l e p l a s t i c cups, making sure each is clean and dry.
3) Label each "mold" with its corresponding sample number.
4) All samples will be s p l i t to produce a homogeneous 1 -4 gram sample.

N O T E : Separate s p l i t s for p e r l i t e must be prepared.
5) Mix epoxy resin and hardener according to m a n u f a c t u r e r ' s directions.
6) Pour 1 gram of sample into mold. Double check to make sure sample

numbers on mold and the original sample container match. Pour epoxy
into mold to j u s t cover sampl e grains.

7) Use a new wood stirring s t i ck with each sample, c a r e f u l l y blend epoxy
and grains so as to coat all grains with epoxy.

8) Set mold s to cure at ROOM T E M P E R A T U R E in a clean restricted area.
Add labels with sample numbers and cover with more epoxy resin. Leave
to cure c o m p l e t e l y at room temperature.

9) One at a time remove each sample from its mold and grind f i a t the back
side of the mount.

10) Use 600 grit wet abrasive paper stretched across a grinding wheel to
remove the bottom layer and expose as many mineral grains as pos s ible .
F o l l o w with 1000 grit paper.

N O T E : p e r l i t e samples should be mounted on glas s thin sections prior to
p o l i s h i n g . Perl i t e par t i c l e counts should be counted under polarized transmitted
l i g h t .
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11) P o l i s h with 15 um oil-based diamond pa s t e on a p o l i s h i n g p a p e r f i x e d to a
lap. Use o f paper instead o f c l o th minimizes r e l i e f .

12) N e x t use 6um diamond p o l i s h on a s imi lar lap.
13) F i n a l l y p o l i s h the s ampl e with lum oil-based diamond paste on p o l i s h i n g

paper, f o l l o w e d by 0.05 um alumina in water suspension. The quality
should be checked a f t e r each s t ep . T y p i c a l p o l i s h i n g times are 30 minutes
for 15 um, 20 minutes for 6 um, 15 minutes for 1 urn, and 10 minutes for
0.05 um.

N O T E : use low speed on the p o l i s h i n g l a p s to avoid "plucking" of sample
grains.

14) Sampl e s should be comple t e ly cleaned in an ultrasonic cleaner with
i s opropy l alcohol or similar solvent to remove oil and f ingerpr in t s .

15) To ensure that no par t i c l e s of any metal are being cross-contaminated during
sample preparation procedures, a blank (epoxy only) mold will be made every
20th sample (5% of s a m p l e s ) f o l l o w i n g all of the above procedures. T h i s mold
will then be speciated along with the other samples.

16) Each sample must be carbon coated. Once coated, the samples should be
stored in a clean, dry environment with the carbon surface protec t ed f rom
scratches or handling.

8.2 Point Counting
Counts are made by traversing each sample from le f t- to-r ight and top-to-bottom as
i l lu s tra t ed hi F i g u r e 8-2. The amount of vertical movement for each traverse would
depend on magnification and CRT (cathode-ray tube) size. Thi s movement should be
minimized so that NO portion of the sample is missed when the end of a traverse is
reached. Two magnification settings generally are used. One ranging from 40-100X and a
second f rom 300-600X. The last s e t t ing will a l low one to f i n d the smal l e s t i d e n t i f i a b l e (1-
2 micron) phases.
The portion of the sample examined in the second pass, under the higher magnification, .
will depend on the time available, the number of metal-bearing par t i c l e s , and the
complexity of metal mineralogy. A maximum of 8 hours will be spent per sample.
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8.3 Data P r e s e n t a t i o n
A n a l y s t s wi l l record data as they are acquired f r o m each s a m p l e using the L E G S
s o f tware , which p l a c e s all data in a spreadshee t f i l e f ormat . Columns have been
establi shed for numbering the metal-bearing phase p a r t i c l e s , their id en t i ty , size of longest
dimension in microns, along with their association (L = l i b era t ed , C= cementing, R =
rimming, I = in c luded) (Figure 8-3). The analyst may also summarize his/her
observations hi the f ormat t ed data summary f i l e s .
The frequency of occurrence and relative metal mass of each metal-bearing form as it is
distributed in each sample will be dep i c t ed g r a p h i c a l l y as a frequency bar-graph. The
par t i c l e size di s tr ibut ion of metal-bearing f orms wi l l be d ep i c t ed in a histogram. Siz e-
histograms of each metal-bearing form can be constructed from data in the f i l e .
Data from EMP will be summarized using two methods. The f ir s t method is the
determination of F R E Q U E N C Y OF O C C U R R E N C E . T h i s is calculated by summing the
longest dimension of all the metal-bearing phases observed and then dividing each phase
by the total.
Equation 2 will serve as an example of the ca l cu la t i on .

Z ( P L D ) phase i
FM in phase-1 = _________________________ (Eq. 2)

2 ( P L D ) p h a s e - l + S ( P L D ) p h a s e - 2 + 2 (PLD) p h a s e-n

Where:
FM = Frequency of occurrence of metal in a s ingle phase.
PLD = An indiv idual part ic l e ' s longes t dimension
%FM in phase-1 = FM in phase-1 * 100

Thes e data thus i l lu s trate which metal-bearing pha s e( s) are the most commonly observed
in the sample or relative volume percent.
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The second calculation used in this report is the determination of RELATIVE M E T A L
MASS. T h e s e data are ca l cu la t ed by s u b s t i t u t i n g the PLD term in the equation above
with the value of MM. T h i s term is c a l c u l a t e d as d e f i n e d below.

MM = F M . * S G * p p m M (Eq. 3)
Where:
MM = Mass of metal in a phase
SG = S p e c i f i c Grav i ty o f a phase
ppm M = Concentrat ion in ppm of metal in a phase

The advantage in reviewing the RELATIVE METAL MASS determination is that it
gives one information as to which metal-bearing pha s e( s) in a sample are l i k e l y to control
the total bulk concentration for a metal of interest. For example, PHASE-1 may comprise
98% relative volume of the sampl e; however, it has a low s p e c i f i c gravity and contains
only 1,000 parts per million (ppm) arsenic. P H A S E - 2 comprised 2% of the sample, has a
high s p e c i f i c gravity, and contains 850,000 ppm of arsenic. In this example it is PHASE-
2 that is the dominant source of arsenic to the sample.
F i n a l l y , a concentration for each phase is ca lculated. T h i s quant i f i e s the concentration of
each metal-bearing phase: T h i s term is ca l cu la t ed as d e f i n e d below (Eq. 4).

ppmM = MM * Bulk metal concentration in ppm (Eq. 4)
8.4 Analy t i ca l Procedure
A brief visual examination of each sample will be made, prior to EMP examination. T h i s
examination may h e l p the operator by not ing the occurrence of s lag and/or organic
matter. Standard operating conditions for quantitative and qualitative analyses of metal-
bearing forms are given in T a b l e 8-1. Quality control will be maintained by analyzing
s tandards and d u p l i c a t e s at regular intervals ( S e c t i o n 8.5).
The backscattered electron images will be examined using two settings: one for light-
element matrices ( s lag or organic) and the second for heavy-element matrices (lead
s u l f i d e or lead carbonate etc.). T h i s procedure will minimize the p o s s i b i l i t y that metal-
bearing minerals may be overlooked during the scanning of the po l i shed grain mount.
The scanning will be done manually in a manner similar to that depic ted in Figure 8-2.
T y p i c a l l y , the magni f i ca t ion used for scanning all sample s except for airborne sample s
will be 40-1OOX and 300-600X. The last s e t t ing will a l low the smalle s t i d e n t i f i a b l e (1-2
urn) phases to be found. Once a candidate part ic le is i d e n t i f i e d , then the backscatter
image will be optimized to discriminate any d i f f e r e n t phases that may be making up the
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p a r t i c l e or d e f i n i n g its association. I d e n t i f i c a t i o n of the metal-bearing phases will be done
using both EDS and WDS on a EMP, with spec trometers peaked at s u l f u r , oxygen,
carbon and the metal of concern (M). The size of each metal-bearing phase will be
determined by measuring in microns the l o n g e s t dimension.
As stated previously, a maximum of 8 hours will be spent in scanning and analyzing each
mount. For arsenic, the goal is to count 200 p a r t i c l e s and the goal for lead is to count 100
p a r t i c l e s . In the event that these goals are achieved in le s s than 8 hours, par t i c l e counting
of Pb and As will be discontinued but counts of the other target metals (Cd, Zn, In, Tl,
Se, Hg and Sb) will continue until the 8 hours has expired. NIST 2710 or 2711 "Montana
soils" w i l l be speciated for traceabil i ty.
P e r l i t e d i s tr ibut ion will be examined under polarized transmit ted l i g h t , and will be
counted according to par t i c l e size and chemical constituents. P e r l i t e p a r t i c l e s will be
sorted according to the presence of the f o l l o w i n g minerals:

S i
S i - A l
S i - A l - F e
S i - A l - C a - F e

Quantitative Analyse s
Quantitative analyses are required to e s tab l i sh the average metal content of the metal-
bearing minerals, which have variable metal contents as: I r o n - ( M ) s u l f a t e , Iron-(M)
oxide, Manganese-(M) oxide, organic, and slag. These determinations are important,
e s p e c i a l l y in the case of s lag, which is expected to have cons iderable variation in their
dis solved metal content. Results will be analyzed s t a t i s t i c a l l y to es tablish mean values.
T h e y may also be depicted as histograms to show the range of metal concentrations
measured as well as the presence of one or more p o p u l a t i o n s in terms of metal content. In
the later case, non-parametric s tat i s t i c s may have to be used or the median value has to be
established.
Assoc ia t i on s
The association of the metal-bearing forms will be e s tab l i shed from the backscartered
electron images. Particular attention will be paid in e s tab l i sh ing whether the grains are
t o t a l l y enclosed, encapsulated or liberated. The rinds of metal-bearing grains will be
i d e n t i f i e d . Representative photomicrographs of backscatter electron images e s tabl i shing
the association of the principal metal-bearing forms will be obtained for i l l u s t ra t i on
purposes. A pos i t ive/negative, black and white f i l m (Polaroid 55) will be used or a
128x128 (minimum) binary image in ".tif format may be stored. Recorded on each
Technica l Standard Operating Procedures SOP No. ISSI-VBI70-09
1SSI C o n s u l t i n g Group, Inc . Revision No.: 0
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p h o t o m i c r o g r a p h and negative will be a scale bar, m a g n i f i c a t i o n , sample i d e n t i f i c a t i o n
and phase i d e n t i f i c a t i o n . Abbreviations for the i d e n t i f i e d phases should be used.
E x a m p l e s are l i s t e d in T a b l e 8-2. A f i n a l l i s t must be submit t ed with the laboratory
report.

<.
8.5 Instrument Calibrat ion and Standard iza t i on
The WDS wi l l have spectrometers calibrated for the metal of concern, carbon, oxygen
and s u l f u r on the a p p r o p r i a t e crystals using mineral standards. The EDS will have multi-
channel analyzer (MCA) calibrated for known peak energy centroids. Calibration will be
per f ormed so as to have both low (1.0-3.0 KeV) and high (6.0-9.0 KeV) energy peaks
fall within 0.05 KeV of its known centroid.
The magni f i ca t i on marker on the instrument will be checked once a week. T h i s will be
performed by f o l l o w i n g manufacturer instructions or by measurement of commercially
available grids or l ic i t e spheres. Size measurements must be within 4 microns of c er t i f i ed
values.
Ini t ia l calibration verif ication standards (ICVs) must be analyzed at the beginning-of each
analytical batch or once every 24 hours, whichever is more frequent. A set of mineral or
gla s s standards will be run quantitatively for the metal of concern, s u l f u r , oxygen and
carbon. If elemental quantities of the ICVs do not f a l l within +/- 5% of c e r t i f i ed values
for each element, the instrument must be recalibrated prior to analysis of investigative
samples.
The metal-bearing forms in these samples will be i d e n t i f i e d using a combination of EDS,
WDS and BEL Once a part i c l e is i solated with the backscatter detector, a 5-second EDS
spectra is collected and peaks id en t i f i ed . The count rates for the metal(s) of concern,
s u l f u r , carbon and oxygen can be either visually observed on the wavelength
spectrometers or K-ratios calculated.
9 .0 P E R S O N A L HEALTH AND SAFETY
Each individual operat ing the K E V E X x-ray f luore s c ence or electron microprobe
instruments will have read the "Radiation S a f e t y Handbook" prepared by the Universi ty
and f o l l o w all Sta t e guidelines for operation of X-ray equipment.
Latex gloves and part iculate masks will be worn during prepara t i on of sample cups. All
material that comes in contact with the samples or used to clean work surface areas will
be p laced in po ly-bags for d i spo sa l .

T e c h n i c a l Standard Operating Procedures SOP No. ISSI-VBI70-09
I S S I Consu l t ing Group, I n c . Revision N o . : 0
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10.0 FINAL REPORT
A f ina l laboratory report wi l l be prov ided to the Contrac tor . The report wi l l i n c l u d e all
EMP data i n c l u d i n g summary table s and f i gur e s . I n d i v i d u a l sample data wil l be provided
on disk. <.
S p e c i a t i o n resul t s wil l inc lude: 1) a series of tab l e s summarizing frequency of occurrence
for each metal phase i d e n t i f i e d along with a con f idence l imi t; 2) summary histograms of
metal phases i d e n t i f i e d for each waste t y p e ; 3) a summary his togram of p a r t i c l e size
d i s t r i bu t i on in each waste t y p e ; and 4) a summary of metal phase associations.
Representative photomicrographs or TIFF images wi l l also be included in the f inal report.
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T a b l e 2-1
Metal-Bearing F o r m s Found W i t h i n Wes t ern M i n i n g and S m e l t i n g D i s t r i c t s

O X I D E S ' C A R B O N A T E S
Lead Oxide
Manganese (me ta l) ox ide
Iron ( m e t a l ) ox ide
Lead m o l y b d e n u m oxide
Arsenic Oxide
Cadmium Oxide
C o p p e r Oxides
Zinc Oxide
Lead Arsenate
Arsenic T r i o x i d e
Calcium (me ta l) oxide

Lead Carbonate
Zinc Carbonate

P H O S P H A T E S
(metal) phosphate s

S U L F I D E S
S I L I C A T E S

S l a g
Lead silicate
Arsenic s i l i c a t e
Zinc s i l i ca t e
C l a y s

Lead s u l f i d e
S u l f u r - c o n t a i n i n g sa l t s
Iron-arsenic s u l f i d e
Zinc s u l f i d e
C o p p e r s u l f i d e s
Copper-iron s u l f i d e
Cadmium S u l f i d e

O T H E R
S U L F A T E S

Iron ( m e t a l ) s u l f a t e
Lead s u l f a t e
Lead barite
Zinc S u l f a t e
Arsenic s u l f a t e
C o p p e r s u l f a t e

Native: Lead, C o p p e r ,
Cadmium, Mercury, I n d i u m ,
T h a l l i u m , Se l en ium
L e a d / A r s e n i c / C a d m i u m / M e r c u r y

Chlor id e s
Lead paint
S o l d e r
Organic lead
Lead vanadate
Minor t e l l u r i d e , and bismuth-lead

phases
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F i g u r e 8-2

A S S A Y
S A M P L E I D
A N A L Y S T
T I M E S T A R T

P b A S S A Y
L A B
T I M E E N D
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F i g u r e 8-3

N O T E S I D E N T I T Y S I Z E
Length Area
(um) ( u r n )

Lib
erat

ed

In
clus

ions •o 1 13I I !I l l £5
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T a b l e 8-1
e,EMP S t a n d a r d Opera t ing Cond i t i on s

Acce l e ra t ing V o l t a g e
Beam S i z e
Cup Current
Ev/Channel
Stage T i l t
Working Distance
MCA time Constant
X-ray lines

WDS
15 KV

1 -2 microns
1 0-3 O N a n o A m p s

N A
N A
N A
N A

S K - a l p h a P E T
O K - a l p h a L D E l
C K-alpha LDEC
Zn K - a l p h a PET

As L-alpha TAP
C u K - a l p h a L I F
Cd L-alpha PET
P b M - a l p h a P E T

Pb L-alpha LIF
In L-alpha PET
T l L-alpha L I F

H g L-alpha L I F
S e L-alpha L I F

Sb L-alpha PET

EDS
1 5 - 2 0 K V

1 -2 microns
10-3 O N a n o A m p s

10 or 20
Fixed
Fixed

7.5-12 microseconds
S K-alpha 2.3 1 KeV
O K - a l p h a 0.52 KeV
C K-alpha 0.28 KeV

Pb M-alpha 2.34 KeV
Pb L-alpha 10.5 KeV
Zn K-alpha 8.63 KeV
Cu K-alpha 8.04 KeV
As K-alpha 10.5 KeV
As L-alpha 1.28 KeV
Cd L-alpha 3. 13 KeV
In L-alpha 3. 28 KeV
Tl M-alpha 2.27 KeV

Tl L-alpha 10.26 KeV
Hg L-alpha 9.98 KeV
Hg M-alpha 2. 19 KeV
Se L-alpha 1.37 KeV
Sb L - a l p h a 3.60 KeV
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T a b l e 8-2
Sugges t ed Abbreviation for Photomicrographs

Metal-bearing Phase
In
T I

H g
S e
S b

Lead S u l f i d e
Lead S u l f a t e

Lead Carbonate
Mn-(M) Oxide
F e - ( M ) Oxide
(M)Phospha t e

F e - ( M ) S u l f a t e
Metal Oxide

Pb-Mo Oxide
S l a g

M e t a l l i c Phase
Metal S i l i c a t e

S o l d e r
Paint

Metal-bearing Organic
(M) barite

Pb arsenate
Pb vanadate

A s - S b Oxide
Chalcopyrite

Sphaler i t e
Arsenopyri te

Abbreviat ion
I n
Tl

H g
Se
S b
Ga

Ang
Cer

Mn(M)
F e ( M )

(M)Phos
F e ( M ) S u l

(M)O
W u l f
S l a g
(M)

( M ) S i
S o l d
Pnt

(MXOrg)
(M)Bar
PbAsO
PbVan
A s S b O

Cp
S p h

A p y
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Vasquez Boulevard and 1-70
In Vitro Bioacce s s ib i l i ty

1.0 QUALITY CONTROL R E Q U I R E M E N T S
1.1 Elements of QA/QC
The overall purpose of this pro j e c t is to determine a correlation of the in vitro test method
to animal study results. QA/QC requirements will be such that this correlation can be
made with s u f f i c i e n t confidence before general use of the method can be considered
acceptable.
A standard method for the in vitro extraction of s o i l s / s o l i d materials is_ s p e c i f i e d hi
SOP#1, and all part ic ipat ing laboratories must f o l l o w the procedure set f o r th in the SOP
to maintain consistency throughout method validation. S p e c i f i c quality control
procedures prior to analysis are included in SOP #ISSI-VBI7£)-10. These s p e c i f i c QC
procedures involve preparation of quality control samples for analysis and are as f o l l o w s
(see T a b l e 1 for summary of QC procedures, frequency, and control limits):

Reagent Blank—Extract ion f l u i d analyzedonce per batch.
Bottle Blank—Extract ion f l u i d only run through the complete extraction
procedure at a frequency of no les s than 1 per 20 samples or one per
extraction batch, whichever is more frequent.
Blank S p i k e s — E x t r a c t i o n f l u i d spiked at 10 mg/L lead and 1 mg/L arsenic
and run through the extraction procedure at a frequency of no less than
every 20 samples or one per extraction batch, whichever is more frequent.
Blank spikes should be prepared using traceable l ,OOOmg/L lead and

arsenic standards in 2 percent nitric acid.
Dupl i ca t e -dup l i ca t e extractions are required at a frequency of 1 for every
10 samples. At least one dupl i ca t e must be performed on each day that
extractions are conducted.
Matrix S p i k e — T h e sample used for the dup l i ca t e will also be spiked prior
to extraction (10 mg/L lead and 1 mg/L arsenic) to evaluate recovery of a
so luble spike in the presence of test material. Matrix spikes should be
prepared using traceable 1,000 mg/L lead and arsenic standards in 2
percent nitric acid. At least one matrix spike must be per formed on each
day that extractions are conducted.
Standard Reference M a t e r i a l s — N a t i o n a l Inst i tu t e of Standards and T e s t i n g
(NIST) material 2711 (Montana Soil) will be used as a laboratory control
sample (LCS). The LCS will be analyzed three times during the t e s t ing of
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s o l i d / s o i l materials during method validation. The s e will be sent blind to
each laboratory.

Control limits for these QC sample s are del ineated in the f o l l o w i n g discussion.
The laboratory should analyze all extracts by SW-846 method 601 OB, December 1996
revision. The project-required detect ion limits (PRDLs) for lead and arsenic are 100
Hg/L and 20 (ig/L, respect ively. Lead content of all s o i l / s o l i d material should be
s u f f i c i e n t l y high that achieving these PRDLs by method 601 OB should not be a problem.

T A B L E 1. S U M M A R Y OF QC S A M P L E S , ANALYSIS F R E Q U E N C Y ,
A N D C O N T R O L L I M I T S

QC S a m p l e
Reagent blank

Bottle blank

Blank spike
Duplicate
Matrix spike

Analysi s Frequency
once per batch

5%

5%
10%
10%

Control Limi t s
<25 [ig/L lead
<5 u-g/L arsenic
<50 u-g/L lead
<10 (ig/L arsenic
85-1 15% recovery
±20% RPD
75-125% recovery

Arsenic concentrations in samples tested for arsenic may not be high enough for method
601 OB to detect above the PRDL. In those cases where arsenic is not detected in samples
by method 601 OB (ICP), analysis by either ICP-MS (method 6020, Sept ember 1994) or
ICP-hydride (method 7061 A, July 1992) will be required to reach the PRDL for arsenic.
Laboratories will f o l l o w all method requirements, and quality control samples listed in
SOP #ISSI-VBI70-10 will be required.
1.2 Q A / Q C Procedures
S p e c i f i c laboratory procedures and QC steps required include:
Calibrat ion °
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Instruments will be calibrated according to method and instrument manufacturer.
An acceptable calibration curve shall be one with a correlation c o e f f i c i e n t of
>0.995. At least one blank shall be analyzed for each calibration curve. The
highest calibration standard shall not exceed the linear range of the instrument. At
least one non-blank calibration standard shall be used for ICP (601 OB) analyses,
and method calibration requirements will be used for ICP-MS (6020) and ICP-
hydride (7061 A). All calibration standards and blanks should be matrix-matched
with extracted samples.

Calibrat ion V e r i f i c a t i o n
Immediate ly f o l l o w i n g completion of a successful instrument calibration, an
initial calibration ver i f i ca t ion standard (ICV) of known concentration and from an
alternative source from the calibration standards will be analyzed. T h i s standard
should be in the mid-range of the calibration curve, and when analyzed, must be
within 10% of the certif ied true value. If the ICV is not within 10% of the true
value, the analyses will be terminated, any problems f i x e d , the instrument
recalibrated, and the ICV rerun until a succe s s fu l calibration and ICV are
obtained. No samples shall be analyzed without a successful calibration and ICV.
The ICV or another standard of known value at approx imat e ly mid-range shall be

analyzed every ten samples (not counting QC sampl e s) and be within 10% of its
cer t i f i ed true value; this standard will be used as a continuing calibration
veri f i cat ion ( C C V ) standard. If at any time, a CCV is not within 10% of its
c e r t i f i e d value, sample analyses will be terminated, problems f i x e d , the instrument
recalibrated, and all samples since the last in-compliance CCV reanalyzed. The
analytical run should end with a succes s ful analysis of a CCV standard.

Calibration Blanks
I m m e d i a t e l y f o l l o w i n g the ICV, an initial calibration blank (ICB) will be
analyzed. T h i s blank is made from contaminant-free deionized water (Type II)
and should be matrix-matched with the extracted samples. No analytes of concern
(lead or arsenic) should be detected in this blank. However, due to instrument and
electronic noise, a pos i t ive or negative result within three times the standard
deviation of the s tat i s t i cal ly derived detection limit is acceptable. If the ICB is
outside this limit, the analysis shall be terminated, the problem f i x e d , the
instrument recalibrated, an ICV analyzed with acceptable results, and an ICB
reanalyzed. If problems persist, the p o s s i b i l i t y of contaminated glassware or
reagents must be considered. Each ten samples and immediately af t er the C C V s ,
a continuing calibration blank ( C C B ) must be analyzed. The same acceptance
criteria for the ICB a p p l y to the CCB. If problems with the CCB occur, analysis
must be terminated, problems f i x e d , the instrument recalibrated as described in
the calibration section, and all samples since the last acceptable CCB or ICB
reanalyzed. The analytical run should end with a successful analysis of a CCB
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Vasquez Boulevard and 1-70
In Vitro Bioacce s s i b i l i ty

sample.
I n t e r f e r e n c e Check S a m p l e s

A f t e r the ICV and ICB standards are analyzed su c c e s s f u l ly , the laboratory shall
analyze an interference check sample (ICS). The laboratory may prepare the ICS
as described hi the ICP (601 OB) or ICP-MS (6020) methods (ICS is not required
for 7061 A) or purchase the ICS from commercial vendors. The ICS consists of
two solutions: ICSA, which contains interferents, and ICSAB, which contains
interferents and analytes. Both solutions must be analyzed as described in the
method. ICSA should not contain s igni f i cant amounts of analyte (arsenic or lead).

If the analysis of this solution results in more than three times the standard
deviation around the instrument detection limit, improper interelement or
background corrections should be suspected. If this happens, the analysis should
be terminated, the problem f i x e d , the instrument recalibrated, and I C V s and I C B s
reanalyzed, f o l l o w e d by ICSA analysis. If the problem persist s , contaminated
reagents and/or glassware should also be investigated. Once the ICSA is
s u c c e s s f u l l y analyzed, solution ICSAB shall be analyzed. All analytes of interest
in the ICSAB should be within 20% of the stated true values. If not, investigation
of po s s i b l e interferences should begin, and any interelement or background
corrections readjusted to correct the problems. The calibration and QC standards
required prior to the ICSAB must be re-analyzed (meeting all QC requirements)
until a success ful analysis of the ICSAB solution is obtained. Once the sequence
o f calibration, I C V , I C B , I C S A , a n d I C S A B i s s u c c e s s f u l l y c o m p l e t e d , sample
analysis may begin.
The ICSA/ICSAB pair must also be analyzed with acceptable results at the end of
the analytical run or at the end of each eight-hour s h i f t , whichever is more
frequent.

Matrix S p i k e s / D u p l i c a t e s
Dupli ca t e and spike sample preparation are described earlier in this section and in
SOP # I S S I - V B I 7 0 - 1 0 . Duplicate results should agree within 20% relative percent
d i f f e r e n c e (RPD) as def ined in method 601 OB. If the RPD is greater than 25% for
one dup l i ca t e set, or the average RPD for the entire study is greater than 20%,
samples should be thoroughly remixed and re-extracted. Matrix spike results
should be in the range 75-125%. However, because these samples have not been
extensively tested by this method, the expected percent recovery is not known.
The laboratory should calculate spike recovery, and if any spike results are
outside the 75-125% recovery range, analyze a post-extraction spike (prepared
from the previously unspiked extract). Thi s post-extraction spike should be
approximate ly twice the amount found in the extract.
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Vasquez Boulevard and 1-70
In Vitro Bioacce s s i b i l i ty
Seria l Dilut ion

The laboratory shall take one sample (non-spiked, non-SRM, non-QC re la t ed) and
per f orm a. 1:4 serial dilution. T h i s d i lu t i on will then be analyzed to check for
p o s s i b l e interference (ICP method 601 OB only).
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Vasquez Boulevard and 1-70
In Vitro Bioaccessibility
Laboratory Control S a m p l e ( L C S )

The SRM NIST 2711 will be used as a laboratory control sample for this pro j e c t .
S a m p l e result s for lead and arsenic should f a l l within a c c ep tab l e control limits.
These samples will be submitted blind to the laboratories, and the SBRC will
evaluate results from this analysis to help determine the accuracy of test results.

Reagent B l a n k s / B o t t l e Blanks /Blank S p i k e s
Reagent blanks must not contain more than one-fourth of the project-required
detec t ion limits (PRDLs) for arsenic and lead (i.e., les s than 5 ug/L arsenic and 25
ug/L lead). Bottle blanks must not contain arsenic or lead concentrations greater
than one-half the PRDLs for arsenic and lead (i.e., less than 10 and 50 ug/L of
arsenic and lead, respectively). If either the reagent blank or a bo t t l e blank
exceeds these values, contamination of reagents, water, or equipment should be
suspected. In this case, the laboratory must investigate pos s ib l e sources of
contamination and mitigate the problem before continuing with sample analysis.
Blank spikes should be within 15% of their true value. If recovery of any blank
spike is outside this range, p o s s i b l e errors in preparation, contamination, or
instrument problems should be suspected. In the case of a blank spike outside
s p e c i f i ed limits, the problems must be investigated and corrected be fore
continuing sample analysis.

Chain of C u s t o d y / G o o d Laboratory Practices
All samples to be tested under this study will be shipped from Region 8 EPA
under chain of custody. Each partic ipating laboratory must sign and date the
chain-of-custody form when receiving samples. The laboratory must also initial
and date chain-of-custody seals, which are used to seal s h ipp ing containers and
ensure that custody is not broken. Copies of the signed chain-of-custody form
and chain-of-custody seals must be kept. S a m p l e s must be kept under custody
while in the laboratory, and custody must be documented by each laboratory.
Each laboratory must f o l l o w good laboratory practices as d e f ined in 40 CFR Part
792 to the extent practical and possible. The goal of this pro jec t is to collect
s c i e n t i f i c a l l y credible data to determine the u s e fu lne s s and implementabi l i ty of
this test method, and as such, laboratory data of the highest quality must be
obtained.
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Extrac t ion T e s t C h e c k l i s t

A P P E N D I X A
Extraction T e s t
Checklist Sheet s
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Extraction Test Check l i s t

I. Extraction Procedures
Extraction F l u i d Preparation:
Date of Extraction F l u i d Preparation:
Extraction F l u i d Lot #:

Prepared by:_

Component
Deionized Water
Glyc ine
H C P
Final Volume

Extraction F l u i d
pH value
( @ 3 7 ° C )

Lot
Number

F l u i d Preparation
1L 2L

0.95 L
(approx .)

30.03±0.05 g
60 mL

(approx.)
1 L

( C l a s s A,
vol.) .

1.50±0.05

1.9 L
(approx .)

60.06±0.05g
120 mL

(approx.)
2 L

(Clas s A,
vol.)

1.50±0.05

Acceptance
Range

__«

—
——

1.45-1.55

Actual
Quantity

Comments

Concentrated hydrochloric acid (12.1 N)
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Extract ion Tes t C h e c k l i s t
Required Parameters:
V o l u m e of extraction f l u i d (V) = 100 ±0.5 mL
Mass of test substrate (M) = 1.00 ±0.05 g
Temperature of water bath = 37 ±2 °C
Extrac t ion time = 60 ±5 min
Date of Extraction:______________
Extract ion F l u i d Lot #:_____________
Extracted by:__________________

Extractor rotation speed = 30 ±2 ipm
Maximum e l a p s e d time f r om extraction to f i l t r a t i o n = 90 minutes
Maximum pH d i f f e r e n c e f rom start to f i n i s h (ApH)= 0.5 pH units
S p i k e s o l u t i o n concentrations: As = 1 m g / L ; Pb = 10 m g / L
As S p i k e S o l u t i o n Lot #:
Pb S p i k e S o l u t i o n Lot #:

Extract ion Log:
S a m p l e I D

Accep tance
Range

B o t t l e Blank
Duplicate

Matrix s p ik e

S a m p l e Preparation

V ( m L )
(95.5-
100.5)

M ( g )
(0.95-
1.05)

Extraction

S t a r t
T i m e 3

— —

End
T i m e 3

— --

Elap s ed T i m e
(min)

(55-65 min)
S t a r t

PH
~~~

End
PH
-— -

A p H
(Max =

0.5)

S t a r t
T e m p

( ° Q
(35-39)

End
T e m pCO

( 3 5 - 3 9 )

F i l t r a t i o n

T i m e a

T i m e E l a s p e d
f r om

ex trac t ion
(min)

(Max = 90
min)

a - 24-hour t ime s ca l e
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Extrac t i on T e s t C h e c k l i s t

II. Analytical Procedures
Analytical Batch Sequence Requirements:
The f o l l o w i n g sequence is required for analysis:
Initial Calibration
Init ial Calibration V e r i f i c a t i o n ( I C V )
Init ial Calibration Blank (ICB)
Interference Check S a m p l e ( I C S A & I C S A B ) J T C P only]
10 S a m p l e Analyses
Continuing Calibration V e r i f i c a t i o n ( C C V )
Continuing Calibration Blank (CCB)
10 S a m p l e Analyse s
CCV
CCB
10 S a m p l e Analyses*
C C V '
CCB*
I C S ( I C S A & I C S A B ) [ I C P only]
* T h i s sequence will continue until sample analyses are comple t e or until one 8-hour s h i f t is
complete.
QC Requirements:

QC S a m p l e
Reagent blank

Bottle blank

Blank spike
Duplica t e
Matrix spike
Pos t-d ige s t i on spike

Analys i s Frequency
once per batch

once per batch
(min. 5%)

once per batch
(min. 5%)

10%
(min. once/day)

10%
(min. once /day)

If matrix spike is
outside control limits

Control
Limits

< 2 5 u g / L P b
<5 ug/L As

< 5 0 u g / L P b
< 1 0 u g / L A s

85-115%
±20% RPD

75-125%
recovery

— —

Corrective Action 3

Inves t iga t e p o s s i b l e sources of
target analytes. Mit iga t e
contamination problem before
continuing of analysis.
Inves t igat e p o s s i b l e sources of
target analytes. Mitigate
contamination problem be fore
continuing of analysis.
Re-extract and reanalyze
sample batch
Re-homongenize, re-extract
and reanalyze
Perform post-digestion spike
__.

RPD - Relative percent d i f f e r e n c e
a — Action required if control limits are not met
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Extraction Test C h e c k l i s t
Calibration:
Init ia l calibration requirements:
» __ Calibration standards were matrix matched.
• __ Calibration curve correlation c o e f f i c i e n t was >0.995.
Continuing calibration requirements:
• __ All ICVs and C C V s were recovered within control limits (90-110%).
• __ ICVs and C C V s were run in the correct sequence with the correct frequency.
Continuing calibration blank requirements:
• __ All ICBs and CCBs did not contain Pb or As at levels outside of control limits

(± 3a x IDL).
• __ I C B s and CCBs were run in the correct sequence with the correct frequency.
Interference check sample requirements (ICP only):
• __ All ICSAs did not contain significant concentrations of Pb or As (< 3cr x IDL).
» __ All ICSABs were recovered within control l imit s (80-120%).
• __ ICSs were run in the correct sequence with the correct frequency.
Serial dilution requirements (ICP only):
» __ A 1:4 dilution was performed on a non-spiked, non-SRM, non-QC sample.
• __ The RPD was calculated to evaluate for pos s ib le interferences.
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Date: S e p t e m b e r 1999 ( R e v . # 0 ) S O P N o . 1 S S I - V B I 7 0 - 1 0
Title: In Vitro M e t h o d for Det ermina t i on of Lead and Arsenic Bioacce s s i b i l i ty .

T o t a l Pages 7

SYNOPSIS: T h i s SOP describes an in vitro laboratory procedure to determine thes o l u b i l i t y ( b i o a c c e s s i b i l i t y ) of arsenic and lead in soil and other so l id material s under as tandardized set of test condit ions . T h i s SOP has been a d a p t e d f rom the methodd e v e l o p e d by the S o l u b i l i t y / B i o a v a i l a b i l i t y Research Consortium (SBRC).

R E V I E W S :
D A T E S I G N A T U R E / T I T L E _ A C T I O N

A p p r o v e d for use at the V B I 7 0 S i t e
/ /
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I N V I T R O B I O A C C E S S I B I L I T Y O F L E A D A N D A R S E N I C I N S O I L

1 . 0 I N T R O D U C T I O N
When a human i n g e s t s contaminated s o i l , the h e a l t h risk to the person d e p e n d son the f r a c t i o n of the inge s t ed chemical that is absorbed into the body. The f r a c t i o n ofan inge s t ed dose of chemical that is absorbed into the body is referred to as the

" b i o a v a i l a b i l i t y " - For convenience, the b i o a v a i l a b i l i t y of a chemical in soil is u s u a l l ydescribed in compari son to the b i o a v a i l a b i l i t y of the pure chemical given in water orf o o d . T h i s ratio i s c a l l e d the "relative b i o a v a i l a b i l i t y " (RBA):
Bioavailability of chemical in test materialRBA=——-————r-——-—-———————-—Bioavailability oj reference material

The RBA may differ w i d e l y between chemica l s and between s o i l s , d e p e n d i n g on anumber of chemical and phy s i ca l attributes of each.
The RBA of a chemical in a soil is u s u a l l y e s t imated by s t ud i e s p e r f o r m e d u s i n ga n a p p r o p r i a t e animal mode l . D u r i n g t h e p er iod 1989-97, E P A Region V I I I d e v e l o p e dand a p p l i e d a j u v e n i l e swine model to measure RBA of lead and arsenic ina p p r o x i m a t e l y 20 s o i l s / s o l i d mater ia l s (Weis and L a V e l l e 1 9 9 1 ; Weis et al. 1994;Castee l et al. 1997a). However , such tests are c o s t ly and require s p e c i a l labora torye q u i p m e n t and t e chnical s k i l l s . For t h i s reason, a l t ernat ive m e t h o d s f o r e s t i m a t i n g

b i o a v a i l a b i l i t y are of interest.
Several researchers have d e v e l o p e d in vitro tests to measure the f r a c t i o n of achemical s o l u b i l i z e d f r o m a soil s a m p l e under s i m u l a t e d g a s t r o i n t e s t i n a l c ondi t i ons .This measurement is referred to as "bioacces s ibi l i ty". Bioac c e s s i b i l i ty is t h o u g h t to bean i m p o r t a n t d e t e rminant of b i o a v a i l a b i l i t y , and several g r o u p s have sought to compareb ioac c e s s i b i l i ty determined in the laboratory to b i o a v a i l a b i l i t y determined in animals tudie s . Resu l t s ob ta ined to da t e ind i ca t e that in vitro b i o a c c e s s a b i l i t y measurementsmay prov id e u s e f u l i n f o r m a t i o n on the in vivo b i o a v a i l a b i l i t y for lead and arsenic.
The method described in thi s SOP represents an in vitro method for measuring

the bioacces sabi l i ty of lead and arsenic in so i l s and other s i m i l a r so l id materials. Themethod e m p l o y e d was d e v e l o p e d by the S o l u b i l i t y / B i o a v a i l a b i l i t y Research C o n s o r t i u m
(SBRC), based on ear l i e r work by l m b e r ( 1 9 9 3 ) , R u b y e t a l . ( 1 9 9 3 , 1 9 9 6 ) , and M e d l i n
( 1 9 9 7 ) .
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2 . 0 S A M P L E P R E P A R A T I O N
All s o i l / m a t e r i a l s a m p l e s ar e pr epar ed by d r y i n g (<40 °C) and s i ev ing t o <250

p.m. The <250-^m size f r a c t i o n is used because th i s p a r t i c l e size is representat ive of
that which adheres to children's hands. S a m p l e s must be t h o r o u g h l y mixed pr i o r to useto ensure h o m o g e n i z a t i o n be fore removal of the dose mat er ia l .
3 . 0 A P P A R A T U S A N D M A T E R I A L S
3.1 E q u i p m e n t

The main piece of equ ipment required for t h i s procedure i s a T o x i c i t yCharacteri s t ic Leaching Procedure (TCLP) extractor motor that has been m o d i f i e d todrive a f l y w h e e l . This f l y w h e e l in turn drives a P l e x i g l a s s b l o ck s i tua t ed in s id e at emperature-contro l l ed water bath. The P l e x i g l a s s b lock contains ten 5-cm holes withs t a in l e s s steel screw c l a m p s , each of which is d e s i g n e d to h o l d a 125-mL wide-mouthh igh d en s i ty p o l y e t h y l e n e (HOPE) bot t l e . The water bath must be f i l led such that theextraction b o t t l e s are immersed. T e m p e r a t u r e in the water bath is mainta ined at 37± 2° C us ing a n immersion circulator heater ( f o r e xampl e , F i s h e r S c i e n t i f i c M o d e l 730. T h e
125-mL HOPE bo t t l e s must have an a ir- t igh t screw-cap seal (for e x a m p l e , F i s h e rS c i e n t i f i c 125-mL wide mouth H O P E Cat. No. 02-893-5C), and care must be taken toensure that the b o t t l e s do not l eak d u r i n g the extraction procedure. A d d i t i o n a le q u i p m e n t for t h i s method i n c l u d e s t y p i c a l laboratory s u p p l i e s and reagents , a sdescribed in the f o l l o w i n g sections.
3.2 S t a n d a r d s and Reagents

The l e a c h i n g procedure for t h i s method uses an aqueous extraction fluid at a pHvalue of 1.5. The p H - 1 . 5 f luid i s p r epar ed as f o l l o w s :
Prepare 2 L o f aqueous extraction f l u i d u s ing A S T M T y p e I I de ionized ( D l ) water.The b u f f e r is made up in the f o l l o w i n g manner. To 1.9 L of Dl water, add 60.06 gg l y c i n e ( f r e e base, S i g m a Ultra or equ iva l en t). P l a c e the mixture in a water bath at 37° C until t h e extraction f l u i d reaches 3 7 ° C . S t a n d a r d i z e t h e p H meter using temperature

c ompen sa t i on a t 3 7 ° C o r b u f f e r s maintained a t 3 7 ° C i n t h e water bath. A d d
concentrated hydrochlor i c acid (12.1 N, Trace Metal grade) until the s o lu t i on pHreaches a value of 1.50 ±0.05 ( a p p r o x i m a t e l y 60 ml). Bring the s o l u t i o n to a f i n a lvolume of 2 L (0.4 M glycine).
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All reagents must be free of lead and arsenic, and the f i n a l f l u i d must be testedto conf irm that lead and arsenic concentrations are less than one- fourth the p r o j e c t -required de t e c t ion l i m i t s (PRDLs) of 100 and 20 jj-g/L, re spec t ive ly (e.g., less than 25
lead and 5 j j ,g/L arsenic in the f i n a l f luid; see T a b l e 1 in the QAPP).

C l e a n l i n e s s of all mater ial s used to p r e p a r e a n d / o r store the ex trac t ion f luid andb u f f e r i s e s s ent ial . All g las sware and equ ipment used to prepare s t a n d a r d s andreagents must be p r o p e r l y c l e a n e d , acid washed, and finally, rinsed with d e i o n i z e d
water p r i o r to use.
4.0 LEACHING PROCEDURE

Measure 100 ± 0.5 ml of the extraction fluid, us ing a graduated c y l i n d e r , and
trans f e r to a 125-mL wide-mouth H O P E bot t l e . Add 1.00 ± 0.05 g of test substrate
(<250 jam) to the bo t t l e , ensuring that static e lec tric i ty does not cause soil par t i c l e s to
adhere to the lip or out s ide threads of the bot t le . If necessary, use an anti s tat ic brush
to e l iminat e static e l e c tr i c i ty prior to a d d i n g soil. Record the volume of so lut ion andmass of soil added to the bott le . H a n d - t i g h t e n each bot t l e top and shake/invert toensure that no leakage occurs, and that no soil is caked on the bottom of the bot t le .

Place the bo t t l e into the m o d i f i e d TCLP extractor, making sure each b o t t l e issecure and the l id(s) are t i g h t l y f a s t e n e d . Fill the extractor with 125-mL bo t t l e sc o n t a i n i n g test mater ia l s or Q u a l i t y Contro l s ampl e s .
The t emperature of the water bath must be 37± 2 °C. Record the t empera ture of

the water bath at the b e g i n n i n g and end of each extraction batch.
Rotate the bo t t l e s in the extractor end over end at 30± 2 rpm for 1 hour. Recordstart time of rotation. When extraction ( r o t a t i o n ) is c o m p l e t e , i m m e d i a t e l y removebot t l e s , wipe them dry and p lace them u p r i g h t on the bench top .
A l l o w the bot t le s to stand for about 15-30 minutes to a l low the soil or other testmaterial to s e t t l e to the bottom of the bott le . Open the bo t t l e and draw extract d i r e c t lyinto a d i s p o s a b l e 20-cc syringe with a Luer-Lok attachment. Attach a 0.45-[j,m c e l l u l o s e

acetate disk filter (25 mm diameter) to the syringe, and filter the extract into a clean 15-mL p o l y p r o p y l e n e c en tr i fuge tube or other a p p r o p r i a t e s a m p l e vial for analysis. If thetotal e l a p s e d time between the end of the extraction and the time of s a m p l e f i l t r a t i o n isgreater than 90 minute s , the test must be repeated.
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Measure and record the pH of f luid r emaining in the extraction b o t t l e , i f the f luidpH is not within ± 0.5 pH unit s of the s tar t ing pH, the test must be d i s carded and thes a m p l e reanalyzed as f o l l o w s :
If the pH has d r o p p e d by 0.5 or more pH u n i t s , the test w i l l be re-run in ani d e n t i c a l f a s h i o n . If the second test also result s in a decrease in pH of greater than 0.5s.u., the pH wi l l be recorded, and the extract f i l t e r e d for analysi s . If the pH hasincreased by 0.5 or more units , the test must be repeated , but the extractor must bes t o p p e d at s p e c i f i c in t e rva l s and the pH m a n u a l l y a d j u s t e d down to pH 1.5 withd r o p w i s e a d d i t i o n of HCI ( a d j u s t m e n t s at 5, 1 0 , 1 5 , and 30 minut e s into the ex trac t ion,and upon f inal removal f r om the water bath [60 m i n . j ) . S a m p l e s with r i s ing pH valuesmust be run in a separate extraction, and must not be combined with sample s beingextracted by the standard method (continuous extraction).
Store f i l t e r e d s a m p l e ( s ) i n a r e f r i g e r a t o r a t 4 ° C un t i l they a r e ana lyz ed . A n a l y s i sfor lead and arsenic concentrations must occur within 1 week of extraction for eachsample .

5 . 0 Q U A L I T Y C O N T R O L / Q U A L I T Y A S S U R A N C E
Q u a l i t y Assurance for the extraction procedure wi l l consist of the f o l l o w i n g q u a l i t y

control samples:
Reagent B l a n k — e x t r a c t i o n f lu id analyzed once per batch.
Bottle B l a n k — e x t r a c t i o n fluid only (no added test mater ial) run through thec o m p l e t e procedure at a f r equency of 1 in 20 sampl e s .
B l a n k S p i k e — e x t r a c t i o n fluid sp ik ed at 10 mg/L lead and 1 mg/L arsenic (usetraceable 1,000 mg/L lead and arsenic s tandards in 2 percent nitric acid formaking sp ik e s) , and run through the complete procedure at a fr equency of 1 in20 sampl e s .
D u p l i c a t e S a m p l e — d u p l i c a t e s a m p l e extractions to be p e r f o r m e d on 1 in 10samples.
M a t r i x Spik e s -a s u b s a m p l e of each material used for d u p l i c a t e analyses w i l lalso be used as a matrix spike. The sp ike will be pr epar ed at 10 mg/L lead and1 mg/L arsenic (spike concentrations are giver^for the 100-mL test fluid vo lume)and run through the extraction procedure (frequency of 1 in 10 sample s). Uset ra c tab l e 1,000 mg/L lead and arsenic s t a n d a r d s in 2 percent ni tr ic acid for
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making the matrix spikes.
6.0 CHAIN-OF-CUSTODY PROCEDURES

All test materials w i l l be t ran smi t t ed to the test laboratory under chain-of-cus todyseal. Once materials are received, the laboratory wil l maintain and record custody ofs a m p l e s at all times.
7 . 0 D A T A H A N D L I N G A N D V E R I F I C A T I O N

All s a m p l e and fluid prepara t i on calculat ions and operations must be recorded inbound and numbered laboratory notebooks. Each page must be dated and in i t ia l ed bythe person p e r f o r m i n g any operat ions . Extraction and f i l t r a t i o n t imes must be recorded,a long with pH measurements, a d j u s t m e n t s , and b u f f e r preparat ion. C o p i e s of al llaboratory notebook pages must be submitted with the data package.
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C O L L E C T I O N AND PREPARATION OF U R I N E S A M P L E S FOR
A R S E N I C A N A L Y S I S

1.0 INTRODUCTION
Several studies suggest that arsenic as well as lead may be absorbed less extensively from soils and
mine wastes than from aqueous solutions. Because absorbed arsenic is excreted mainly (about 60-
80%) in urine, an excellent endpoint for monitoring arsenic exposure is the arsenic concentration
in a timed urine void. The ratios of the amount of arsenic excreted in a given time period to the
amounts dosed can be used to estimate the amounts absorbed over the dose range given.
2.0 U R I N E C O L L E C T I O N
Animals will be quartered in metabolism cages to f a c i l i t a t e urine collections. These cages will
have a fine-mesh screen placed between the coarse-mesh bottom of the cage above and the
col lec t ing pan below to prevent fecal contamination of urine samples. The V-shaped col lec t ing
pan will be s loped so that all urine will drain to the central site where a p la s t i c catch-container will
be p lac ed . Cage f l o o r i n g will be situated to prohibit drinking-water contamination.
Urine co l l e c t ion will begin at either 9:00 or 10:00 AM on the days s p e c i f i e d in the p r o t o c o l , and
will end 48 hours later. During the 48-hour co l l e c t i on per iod , urine will be removed from the
co l l e c t ion pans at least twice d a i l y and stored in a separate container for each animal. T h e r e f o r e
at the end of the 48-hour per iod , all co l l e c t ed urine will be located in one container and can be
addressed as to the total volume of urine co l l e c t ed .
2.1 S A M P L E P R E S E R V A T I O N
The 48-hour urine volume sample s will be mixed by swirling in the co l l e c t ion vessel s and the
volume measured by trans f er into a graduated cylinder. Three 60 mL aliquots of urine will be
retrieved f rom the 48-hour urine volume sample s , p laced in capped p l a s t i c urine storage b o t t l e s
and a c i d i f i e d by add i t i on of 0.6 mL of concentrated nitric acid. One bo t t l e will be maintained in
the refrigerator as the archive sample, while the second bo t t l e will be sent to the laboratory for
arsenic analysis.
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1.0 PURPOSE
Bioavai lab i l i ty of arsenic will be evaluated for several test materials. Arsenic doses will
be administered to juven i l l e swine on a predetermined schedule. Urine samples will be
co l l e c t ed , d ige s t ed , and analyzed for arsenic.

2.0 SCOPE
The procedures described in this SOP are for the preparation and analysis of arsenic by
hydride generation. These methods were developed by the L.E.T laboratory in Columbia
Missouri and are intended primarily for use in this study. They may not a p p l y to other
types of analyses.

3.0 S A M P L E PREPARATION
T r a n s f e r 25 ml. of urine to an acid cleaned 100 ml. beaker. Add 3.0 ml. of Methanol, 5
drops of anti-foam agent, 10.0 ml of 40% (W/V) Magnesium Nitrate Hexahydrate , and
10.0 ml of concentrated trace metal grade Nitric acid (HNOj). Cover with a watch glass
and place on a hot p la t e to r e f l u x for 8-12 hours at 70 - 80 C. or overnight. Increase heat
to 200 C and s l i d e the watch g la s s back to al low f a s t e r evaporation. Heat to comple t e
dryness (8 - 12 hours). Cover with watch glas s and al low to cool. T r a n s f e r sample s to
cool m u f f l e furnace and run f o l l o w i n g program. Ramp to 500 C at 1 degree/minute then
hold at 500 C for 3 hours, turn off and allow to cool. Remove samples and add 5 ml. D.I.
Water and 5 ml concentrated trace metal grade Hydrochloric acid (HC1). Allow to gently
boil until the white residue is d i s s o lved. A f t e r d i s so lv ing the residue cool and dilute with
D.I. water to 50.0 ml. T r a n s f e r to clean labeled 2 oz. bo t t l e s .
When samples are ready for analysis they are di luted for Hydride Generation AA with a
solution of 10% HC1, 10% KI, and 5% Ascorbic Acid. The samples are init ially di luted
1/10 or 1/5 in 1O.O ml. depending on the detection limit desired and capped. A 1/10
dilut ion should give a detection limit of 2 mg/L and a 1/5 should give a detection limit of
1 mg/L. S a m p l e s should set at least 30 minutes before analysis, but overnight is pre f erred .

4.0 APPARATUS AND MATERIALS
4.1 Equipment

The basic analysis equipment required are the Perkin-Elmer 3100 atomic ab sorpt ion



SOP # 18 STANDARD OPERATING PROCEDURE Page 3 of 7
September 1999

spectrometer (AAS), the Perkin-Elmer FIAS 200 f l o w injection system, the Perkin-Elmer
autosampler (AS-90), computer, monitor, and printer.

4.2 Standard s , Reagents, and Miscellaneous
Other materials required are acid cleaned beakers for sample digestion, h o t p l a t e ,
fumehoods, Clas s A volumetric glassware and p i p e t s for sample dilution and standards
preparation, and the f o l l o w i n g reagents:
Trace Metal Grade Hydrochlor i c Acid - Fisher
Trace Metal Grade Nitr i c Acid - Fisher
Anti-Foam Reagent
Methanol ACS grade - Fisher
Electrolytic Sodium H y d r o x i d e - Fisher
Potassium I o d i d e A . C . S . grade - Fisher
1000 PPM Arsenic standard - Fisher
Sodium Tetrahyridoborate 98% - Alfa
Ascorbic Acid - Recrystalized
Arsenic Calibration Check Standard - ERA
Purity of reagents is essential in this analysis. Contamination hi samples and standards is
o f t en the limiting fac tor hi low level analysis. H i g h purity reagents must be used to avoid
introducing contaminants during sample diges t ion. Calibrat ion and check standards should
not be used beyond the certified expiration date. Reagents must be either analytical reagent
(AR) or ultrapure grade and should be chosen based on instrument response. I d e a l l y , peak
area absorbance should be near zero or small compared to the reporting limit. Calibration
standards are prepared from the 1000 ppm arsenic standard.

6.0 ANALYTICAL PROCEDURES
6.1 Instrument S e t u p

Turn on the Perkin-Elmer 3100, FIAS 200, AS-9O, Computer, Monitor and Printer.
Make sure the quartz cell is the one used for Arsenic, if not then change to the correct ce l l .
Use the mouse whenever poss ible on the computer. When Dosshell comes on the screen,
double click on Perkin-Elmer 3100. On the next screen double click on the aa inst.exe
icon. On the next screen, when the icons for the 3100, FIAS 20O and AS-90 are l i t , click
on the MHS-FIAS box, and then double click on the AUTO icon. Click on Element f i l e ,
then double click on ASTST.MEL. When the four screens are completed, click on the
FIAS control box and click on the Cel l O n / O f f box to turn on the ce l l . The method will
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probably have less d r i f t if the cell is allowed to heat overnight at 900 deg. C; if there is a
rush it can be used as soon as the temperature reaches 900.
After overnight warm up or while the cell is heating to 900 deg. C, prepare the s tandards
in 10% HC1, 10% KI, 5% Ascorbic Acid. Prepare the f o l l o w i n g standards: 0.0, 0.2, 1.0,
5.0, 10.0, and 15.0 PPB. Prepare the ERA standard at about 5.0 mg/L for use as a
calibration check standard. Turn on the EDL power s u p p l y and l ight the EDL Arsenic
lamp and ad ju s t the wattage to 8-10 watts. Place the Arsenic lamp in the instrument and
adju s t the wavelength to 193.7 with a 0.7 H i g h Slit. A f t e r 10-15 minutes, move mouse
arrow to windows and click on A l i g n Lamps. Optimize the lamp energy using the
wavelength knob and the two lamp po s i t i on knobs. C l i c k on AGE/AIC if the energy goes
over 3/4 of the scale. Click on the upper l e f t corner to close A l i g n Lamps and move the
mouse arrow to windows and click on Continuous Graphics. The absorbance reading will
probably not be zero, so it will be necessary to autozero the reading. Using the three
po s i t i on knobs on the furnace head ad ju s t the po s i t i on to give the lowest reading. It may
be necessary to autozero during the adjustments. When the best position has been found
move the mouse pointer to the upper l e f t corner and click to close the Continuous Graphics
box.
Make sure that the reaction cell and reagent tubes are the correct ones for Arsenic.
Change all the peri s ta l t i c tubing on the FIAS pumps. Prepare fr e sh 10% HC1 carrier and
O.2% N a B H 4 in 0.5% N a O H . Approx imat e ly 2 liters of HCL will be needed for each
l i t er of NaBH4.
Move arrow to Windows and click on I D / W e i g h t Parameter. Enter all data on the samples
to be run(sample number autosampler position and di lut ion) Up to 98 samples can be run
on one autosampler load. When all the sample information has been entered and checked,
move the mouse arrow to File and click on Save As... . enter the name of the f i l e ( u s u a l l y
the number of the f ir s t sample to be analyzed minus the 9 exp. L95080001 would be
entered as L5080001) this is necessary since the f i l e name can only have 8 characters.
Click on OK to save the f i l e with that name and then move the mouse arrow to the upper
left and click to exit ID/Wt Parameter.

6.2 Calibration
C l i c k on AS-90 Control box and enter the name and the Data File: (usual ly the same as the
f ir s t sample to be run that day the f i r s t number). Enter ASSTD as the ID/Wt F i l e name
(this f i l e has the assignments for the calibration, standards check, known QC check and
detect ion limit determination). Fill all the tubes and place in the po s i t ions required by the
ASSTD ID/Wt File. Place the appropriate tubes in the 10% HC1 and NaBH4 solutions.
Click on the FIAS Control box and start pump 2. Move the clamps into position to start
pumping the reagents. Turn on the Argon, a f t er you are sure no liquid is going to go
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through the tube that goes to the H y d r i d e ce l l , connect it to the cell. Click on Pump 1 and
po s i t i on its clamp to start pumping. Make sure that the rinse(zero s tandard) cup has the
10% H C 1 , 1 0 % KI, and 5 % Ascorbic Acid zero standard. Click on the AS-90 Control box
and enter 8 in the Sampl e s to Run: line and click on the box. Click on Run Sampl e s . The
5.00 PPB standard should be run 3 times and the absorbance values will be given in the
lower l e f t screen. If the last two values are within 5% of one another then the
standardization can start. Click on Save Data O n / O f f and Printer O n / O f f ( t h e boxes should
be black if they are on) Click on S a m p l e s to Run ID/Wt box, and then on Run A l l . Thi s
should start the standardization. The standards run are SI - 0.00, S2 - 5.00, and S3 -
15.00, this will calibrate f rom zero to 15.00 PPB. After the standardization the 5.00
standard in cup 8 will be run, if it is within 5% of 5.00 (4.75-5.25) the analysis will
proceed. The next samples are a 10.00 standard and the known sample (ERA — 5 . 0
m g / L ) . If these are within the acceptable limits then the next ten samples will be the 0.2
PPB standard to determine the detection limit. Do a mean and standard deviation of the
ten values (three tunes the standard deviation will be used as the detection limit). If the
detection limit is not at least 0.1 PPB, then try to determine the problem and start the
calibration over a f t e r solving the problem. The 5.00 PPb standard is run every ten samples
and if it is not within the range 4.75 - 5.25 then the instrument will be restandardized and
the 5.00 PPB standard rechecked, if it is still outside the range the analysis will stop.

6.2 S a m p l e Analys i s
After standardization, acceptance of the standard check sample s , and detect ion limit,
samples can then be analyzed. Move the mouse pointer to ID/Wt F i l e : and enter the name
of the f i l e you want to run. Move the mouse arrow to reset sampler and click. Make sure
that the Printer O n / O f f and Save Data O n / O f f are on. If it is necessary to turn data on
again, make sure you append the data and do not write over the f i l e . Place all the samples
hi the auto sampler in the pos i t ions matching the ID/Wt F i l e : . Click on the box by I D / w t .
to run the I D / w t f i l e and then click
on Run S a m p l e s . An independent check standard (ERA — 5 . 0 m g / L ) will be analyzed
every 10 samples to ver i fy instrument calibration (within 10% of accepted value). The
instrument will check the 5.00 standard and if acceptable will then start the samples. The
5.0 standard is checked every 10 samples, and if it is not within the range 4.75 to 5.25 the
instrument will be restandardized and if the 5.00 is still not in the range it will stop until
the problem is resolved and restarted. Check the printer frequent ly to f ind any samples
that are above 10.00 PPB, make the appropriate dilutions to be run af t er the other samples
have been run.
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7.0 DATA HANDLING
A f t e r all the samples and di lut ions are run then the data can be r e format t ed . Move the
mouse pointer to File and click on Exit to Benchtop. When in Benchtop, move the mouse
pointer to Windows and click on Reformat Data, type the name of the data f i l e and hit
enter. Change the extension to AS, click on the box to i t ' s l e f t , then click on H e a d e r
I n c l u d e d . To go to the next page click, on S a m p l e , then, click on S a m p l e Posi t ion,
Dilution, Mean Cone (std units) and f i n a l l y on Execute Reformat. The re format t ed f i l e is
now saved. Exit by moving the mouse pointer to File and click on Exit to DOS. Cli ck on
OK when told that changes will be lost to reformat and OK when asked if OK to exit
so f tware. When back in Dos she l l , double click on Command Prompt. When C:\DOS >
is on the screen then type cd.. and enter. Then type aa_inst\aa_files\data and enter. T y p e
print xxxxxxxx.as(your f i l e name) and enter. Hit enter when asked for name of list device
[PRN]. Thi s should print out your reformatted data. Next place a 3.5" disc in the
computer and type xcopy xxxxxxxx.as B:. Thi s will transfer the f i l e to disc for use in the
calculations. The data are corrected for d r i f t using quattro, then transferred to the main
quattro f i l e for f inal calculation. The formula is (corrected soln. cone. X dilut ion X final
vo lume)/ sample volume(mL). the units are N g / m l . or mg/L.

8 . 0 H E A L T H A N D S A F E T Y
Laboratory personnel should always f o l l o w e s tabl i shed laboratory s a f e t y procedures. All
diges t ions using perchloric acid should be performed in the perchloric acid fumehood.

9.0 QUALITY C O N T R O L
Quality control samples will be prepared at the f o l l o w i n g frequency:
Preparation Blank - 1/20 samples
Duplicate - 1/10 samples
Matrix S p i k e - 1/10 sample s
NIST (#2670) T o x i c M e t a l s Freeze Dried Urine (Laboratory Control S t a n d a r d ) - 1/20
samples .

Contamination should be at a minimum in the blank samples and in no instance should it
exceed the instrument detection limit. If contamination exceeds the instrument detection
l imit , the source of the contamination should be eliminated, the a f f e c t e d samples redigested
and reanalyzed.
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The d i f f e r e n c e between dupl icate samples should not be greater than 1 mg/L if the values
are < 10 mg/L during the analysis run. At values^lO mg/L, the dupl icate values should
have a relative percent d i f f e r e n c e (RPD) of 20% or less. The RPD is calculated using the
f o l l o w i n g formula:

RPD = S-D X 100
S+D
2

Where:
S = Original sample value.
D = Duplicate sample value.

Matrix spike recovery should be in the range 85-115% and the LCS recovery should be
within the established control windows.
If dupl icate precision, matrix spike, or LCS control limits are not met for a sample batch,
potential problems should be investigated and solved. If sample preparation is found to
be the problem, the a f f e c t e d samples should be redigested and reanalyzed. If the analytical
instrumentation is the problem, the a f f e c t e d samples and QC should be reanalyzed once the
problem is solved.
The calibration check standard (ERA — 5 . 0 mg/L) will be analyzed every ten samples. If
this standard is not within +_ 10% of the true value, the analysis will be s t o p p e d , any
problems solved. The instrument will be recalibrated and all samples since the last good
calibration check reanalyzed.
The data, calculations, quality control and reports are checked by the Quality Assurance
O f f i c e r be fore a f ina l report is released.


